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Patent- oo 
Varemaerfestyrelsen 

ANTIMICROBIAL POLYPEPTIDES ] 1 J UN , 2003 

background Modtaget 

«. a Zzzz r^lTT* 8960,5 has — »• — 

the medical community has b een m . P ! ° ant,m,crobia ' resistance in 

-wiiiiiiuniiy nas oeen to use new or alternative MUki^ 

against the resistant bacteria Thk fllln s . a,,emat,ve antib.otics not previously used 



SUMMARY 



15 ^^T^s^.t^rrr ha * n9 

having antimicrobial activity: ^ ^ °' 8 ' least 19 ami "° 

^5 - R t K ( W or G; Y-|/ Pr M Kl _ 

s G, R, K or E; X, = G, R, k or E; £ - * * * ' * " * 

X 10 = KorR; x ... _ ' *-LorF, 

X-OR. d X n-'.L,F.CorY; X 12 = G,AorT; 

X, 3 - Q. R. L or P; X 14 = K.|.M.LorV; X«-PAhm * 
25 X 18 = lorL; X r -R H Q P 

amino acid sequence: air " n0 acWs *»» the 

<3-XrX r X 3 -R-X 4 -X li -X r K-..X 7 .XrK-X s .X 1 .K-X,,.X, ! .2 ; 
30 wherein 

Xi a L or R; Y - 1 \/ 1 

v. LvlnrC X 2 -L.V,lorF; X.-RorK; 

X4-L,V,lorF; X s = R |K ,WorG; X« a K R r m m c 

X7 = G,R,KorE; Xa = G R k-nrc Xb - K, R, G, M, N or E; 

X -K«rR. X8-G.R,KorE; X 9 = LorF; 

. X 10 -KorR; x . , L • 

35 Z = R or X^X^NK-X^e-X^X^L-V-P; *" ~ r 
wherein 

X13-Q, LorP; y, -i/,,.. 

X 14 -K,l,M,LorV; X 15 = P, A, H. N or D; 
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X,. = lorL; X„ = R,H,QorP; x,. = lorK. 

In a second aspect the present invention rotates to polynucleotides having a nuc , eolH(> 
sequence which encodes for the polypeptide of the invention 

5 nunuJ," 8 aSPeCt PreSen ' ' nVen "° n 18,3,65 to a ""struct comprising the 

• nucieobde sequence, which encodes for the poiypep.de of the invention, operZZLt 

one or mora „„uc, sequent me, d,ect the production of the poiypept.de In a sX t s, 

10 ^rrjszrr*" re,ates ,o a — h ° st - «— - 

^5 (b) recovering the polypeptide. 

-non, theZZIC 6 ^ inV8 * n " * ^ - - «~ — and 

20 DEFINITIONS 



25 



30 



35 



noivn J^ T tBtoete 9,8 prese "< the tern, -substantia* pure 

pdypepbde- means a poiypepttoe preparation ^ ^ „ „, most ^ ^ 

other poiypeptlde material with which it is naBveiy associated (iower percent* H 

weight, at the most 1 % by weight, and at the most !4% by weight). Thus it Is orator™, «,=. .hi 
substantially pure polypeptide is at least 92% nure i » .hi. ,„ P 6 

92% bv w»inh. rf «T . . , a " east92/4 1 3 "' 6 ' ,B - 'nat the polypeptide constitutes at least 
92 * by wetght of the total polypeptide material present in the preparation and hioher 

u^ ™t „? ^ Pl,r6, a * teaS ' 98,4 P " re ' at ,aast a "° a ' mos' 99.5% 
L^Ltar „ , d ' SCl0Sed here ' n ~ Prefera0 * in a P"* form tn 

by 7 » ! 6 •» — * Praparing the potvpepSde 

* means of weH-known recombinant methods. Herein, the term -substantia^ pure 
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15 



20 



25 



P0*W«*- * anonymous wfth ft. tema stated and -pe^pep*,, „ lsoteted 



30 
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an f f.fr The torn, -antimicrobial activity is defined herein as an acttvftv 
which , . <*peb,e of Killing or inhibiting 9rowBl 0( mlcrobial ^ ,„ ^ ^J'J^ 
invent™, the term "antimicrobial- ts intended to mean that there is a 

C-ST te h - u . ndere,ood 38 of kill,n9 ™» «™ 

oactenostatlc" is to be understood as capable of inhibiting bacterial growth I e inhi h ,.i„„ 
ce* LIU term fungistatic- is to be understood as capable of Inhibiting tunga. growm I 
making virus. The torn, -microbial cells" denotos bacteria, or funga, ce„s (including 

1^,*' "T °' PreSent '" Venll0n the term " lnWbi " n9 9""* <* mi <=™°"" «*" is 
" """ ' ha ' "» — « h - I*. M they are no. able to 

acoordiniriL 0 ' T PreSen ' '" Ven ° 0n ' an " n,1Crobla, ^ ma * ° a — »*<- 

SS1 1 * £5 by Lehrer Joumal °' l ™° ste " -»* 

vl^ivi lofoj io i/ioo after 30 min. incubation at 20°C in an 
aqueous soluton o, ^ ln an ^ ^ ^ c ™ 

mr ,n an agueous sofution o, 5%<w/w> : even more praferabiy In an aouej ZJZ 
n*** most preferably in an agueous solution of 0.5%<„/w> : and In particular in an™ 
solut,onof0.1%( W /w)ofmepolvpeptldeshevfngan«mlcmbla.ac«vlty r an a <*»°"« 

Polypeptides having antimicrobial activity may also be capable of inhibltlno the 

outgrowth of Escheifcftfe co» (DSM 1576) for 24 hours at 25-em = m - J. 

i^hor. ■ 25 C in a microbial growth substrate 

Z mil 7 T"**" * 1000 Preferab ' y «*" ^ 3 > Of 500 

add 'd ' * add6d 8 °"»"**» * 25 » « -en more praferabiy whan 

« 2 > TT" 0 " ° f ,0 ° ^ ,n0S, Pr6ferab,y whan — * - conLatton » 
ppm, and ,n particular when added in a concentration of 25 ppm 

Polypeptides having antimicrobial activity may be capable of reducing the number of 
cells of flacf/fus sua* (ATCC 6633, to 1/100 after 30 mm. fncubation T^Zt 

CTn^ZT f ° f 5%(W/W,; *" ^ Preferably in a " a <— ««■" of 

l^JZTT!', " a<,Ue0US ^ " °' 5%(WAW>; and ln *> « -oueous 

solubon of 0.1%(w/w) of the polypeptides having antimicrobial activity. 
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Po.ypepfic.es having amimicrobla, acbvHy mav als0 be capable of InNbHJna the 
cu*rowm o, s«mm (ATCC 663 3, for 24 hours a. 25'cTn a nLSTl^ 

subsbate. when added In a concerns of 1000 ppm; pfeferab ^ J^a d Ta 
concentres of 500 ppm; ^ preferabv when added In a concentration ^, 250 PPm even 
■ -ore preferably when added In a concentred o, 100 ppm; mos, preferably „h^ eTedTa 
concen^n of 50 ppm; and In particular when added ,„ a concenLn of 25 ppT 

The polypeptides of the present invention should preferably have at least 2tw of 

a~ T^T,^ °' fc — ~ — - 

SEO n NO ' 1 ,0 SEQ 10 NO:S7 « amin ° 1 «« 19 of anyone of 

^ NO:! ® 10 SEQ 10 NO:69 ' a ^ar prefers embodiment, the poTyZ^ 
should have at teas, 40%. such as a, teas. 50%. preferably e, tees. 60%. such as a ^T 

Z," !? " a ' ^ 80% ' ^ 38 a ' 16381 90% ' ™* « ^as 05% such i 

about or a. teas. ,00% of the enWcrobia, ac«v«y of * e polypeptide consisting of the a l" 
aod sequence shown as atnino acids 1 to 29 of anyone of SEQ ID NO:1 to SEQ ID NO^ 
amino acids 1 .o 19 of anyone of SEQ ID NO:58 to SEQ ID NO 09 

' RX.xIfff? rr U8edhereln,a "' ra9men, " of,heaminoacid ^'«e : G.X.-X.X,- 
*Xr*r WX,X^-X sr X 1r K.X,,-X,, Z: wherein X, = L or R; x, = L, V, I or F: X, - To, 

RKot'e X T E ; R ' K ' W ° rG: X? = G, R, K or E; Xe = G 

K X XXX ."I I '° " " " R; X " = '• L ' F ' ° " Y; *« = A or T; Z = R or X,rX„! 

X„ I o L, X„ - R, H. Q or P; X,. = I or K; or anyone of SEQ ID NO:, ,o SEQ ID NO 57 o 

o^r r:r h av 8 r Q , " no:69 ,s a " ,6 -— * - ~- - 
^rrr r 0 irz 1 : an t 7- tenrtnus - preferab » 

consist of at i««t iq , ,! hS Carbt>Xyl terml ™s. A fragment may 

consist of at least 19 amino acids, such as 19, 20, 21 22 23 24 25 ?r ?t o« ™ . 

~ = 

^S&t^ ,n me present context, the term -allele variant" denotes any of two or 

arises natutMy through mutabon, and may result In poiymorphism within populations Gene 
mmauons can be allen. (no change In me encoded po,ypept>de, or may encode pXeptL 

nZdt T ^ 5e<IUenCeS - A " * fc - a "^e «e Is « 

encoded by an allelic variant of a gene. «yw«we 

herein f^f^ 7"" Tha "substantia,* pure polynudeoW as used 

from 1 ? , POlynUdeo,ide pre » ara »°* «••* me polynucieobde has been removed 

sequences and Is In a form suitoble for use within genetically engineered pretoin produClon 
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systems. Thus, a substantially pure polynucleotino 

»u polynucleotide contains at the most 10% bw imc^m 

other polynucleotide material with which It Is natively ^ ,u * 9 

„. 5 nailv eiy associated (lower Dercentaoce «f 
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po*nucteo«d. material are preferred To - * aSS ° C,ated <l0Wef PB ' 0en,afleS °' °* h9r 

- by weight, at the mos , 1% by weight. and at me ^ JL7T *T,T 

po^nudeotlde may. however. Include natural* ^J^T^ltlT ^ 

as promoters and terminates. I, Is preferred .hat IIL!?,, ""^'^ res » ons ' such 
least 92V ™.™ .u . .u ">""errea mat the substantially pure polynucleotide Is at 
'east 82 « pure. ,.a. that the pofcnudeoWe oonstttutes at least 82% by weight of the IZ 

ab% P ure - a * east 96% Dure at Ipac* ©to/ 
pure, at least 98% pure at lea«t qqo/ anr , t ^ p ' east 97 /0 

assocated. Herein, the term -substantially pure pdynuctecW Is synonymT 1 \£Z 
•rsolated polynudeoWe" and "polynudeotide In Isolated form- 

intended^S^' t *" * PreSen ' '""■'*" "» te ™ b 

• » / i c n 7 8 * A 9-^i<rK-X ir X 12 -2; wherein Xi = L or R- X, = 

L. V, I or F; X 3 = R or K; X4 = L, V I or F- X - r k- ia/ ^ « ' * 2 

f5 R k-nrc v ' - R. K, W or G; X 6 = K, R, G, M, N or E: Xt « 

G, R, K or E; X, . G, R, K or E; X, = LorF; X 10 = KorR; X „ = I L F CorV X -G a 
T; Z . R or X^-l-K^ 4 L o P x k^m" L v 

se : as amI — , L to - ^ ;^^:sr B * - 

am,no aolds 1 to 18 of anyone of SEQ ID NO:58 to SEQ ID NO-68 as 1 1 J , „f « 
manipulation o, me DNA encoding me polypeptides. iSrZZ^JZ Z 

^^zr. u re^^:rr;^r 

molecule derived mom a eukan/otlc can. cDNA lacks L Int,™ 

present in tho lntron s «l u ences that are usually 

the H e r eSPOnd " 19 9enomic DNA - ™» Pnmary RNA transcript ,s a precurj 
to mRNA and „ goes through a series of precessing events before appearing as maZ 
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occurrfng gene or which hes been modlfta* . • 

mat would no. otherwise exist in mmTL . '" >m,m * S °' ""^ aCld8 ln a 

the term -expression cassette" when the nTT . .jr" 1 * *** conslnja b synonymous with 

«*M for expression of a ClZ, COnS,m<:, """^ ** "« «««• 

— ^ ,ne term contra sequences" is Hofir.^ u 
components, which are necessarv or arilB1 , 58quenoes ,s defined herein to include all 

Ptese* toventton. Each ^ZTlTS T**" " * « "» 

encoding the polypeptide. Such c^ZseT " * ** " UC,eo,ide 

poiyadenyiatton sequence ^pe^T ~ TO ' limted * ■ ^er. 

transition «em«nLr. At 7^ 1 "** ™*»™- - 

^anscrtpttona, and *JLLZZ22 T"" 8 "~ « 

Were for tt» putpose o, in trodu^ ^ci trTl , * ™ «■> 

sequences wttb the coding regton 0,1^^"^ "T" """^ 

eeemOiakzt The tern, -operably linkedMs d»7 *T 9 3 
which a control sequence is aBorooJT , ? defined here,n as a ""fiction in 
of me DNA seq Joe Z S^* - * 3 P ° S "' 0n re ^ <° *• sequence 

^ « trrr 'cr ~ 0,3 »~ 

a nucleotide sequence, which direct.. «JT I 9 sequenee is '^nded to cover 

Tfte boundaries of the coZ seCT ** W**. 
which usuaily begins wlTle IroTrt ZTT T^'* * " °™ — ■ *"»• 
cDNA. and recombinant nucleotide «^ 9 Se< * JenCe * yplcally indude DNA, 
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«»» jzzti zzzzz r, t, " expression " ^ ■* -> ~ - 

ntodiflcatton. tronstol^Tp^jT 7 " m " ed to ' !»*•»■*•«. 
c^dse secretion o, the "~> aiso 

"icece^^ -** ■» — -exp-saion vector covere a DNA 

and wNch ,s operebiy ' 3 POl ~ > ° f ,he «. 

coon otled Polypept«des Having Antimicrobial Activity". 



• DETAILED DESCRIPTION 

35 go'VPeptides Havina AjjtjmjgxBbJaJ Vthri 
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sequence. <3-X 1 -X J .X,^.X ) .X t -X s -K+X 7 .X..K.X s .X kv v , 
wherein x, = Lor R; X, » L. v. , „ E : v . 

K, R, G, M, N or E; X, = G . R ,KorE; x7» G R K „rV t " X,= 
F.OorY; X„ = G . AorT; 2 = R or X r X .^X i x C X " =K ° rR; 
■ ' * X„ . K. ,. M, L or V; x. . P. A. H. I. S^^ X " 

or amino acids , „ » ot anyDne „ SEQ « ' " ^ X„ - R. H, Q or P; x„ = . or K; 

anyone of SEQ ID NO:58 to SEQ ID NO-BO >. " am ' n ° " Clds 1 <» 19 of 

sequence differs by a, the most flve arT a d os ZJZT* 8min0 aeW 

"»st four ammo adds (e.g. by four alTaZ * ? amln ° aCl<te) ' 8ueh a* by at the 
10 by ^ ammo acids), UtJj^E. « °* ** ** ^ — «*» (e. 9 . 
*«* as by one ammo add from "° "* (8 9 - by a "*° acids). 

K-X,X„-K-X,,X,, 5 ^ x, = L ^ R- T-7 &X '- X ^^K. I -X I -X ) - 
X,. s K or R; X„ = I, L, F, C or Y; X„ = G * „ * * " * " G ' R ' K • E = X, = I or F; 

- Piwhe.ln Xl3 = Q. LorP; Xl4 . K, I. M. L orvTxi. I P a" N« D * rX ''" X, ' rl '" V " 
H,QorP; x„ = I or K; or amino adds i to M J P - A - H ' N «°: X„.|orL; X„ = R. 

— 1 .o 1 9 of anyone of S^D ^ "* ' D " 

no, z t^:z:: e ™ ™: ^zr™ *° - « » 

0 NOT, SEQ ID NO*. SEQ ID NO-o SEO ID N0 * SE ° '° NO * SEQ » 

N0,3. SEQ ID NO,, SEQ ££££ -» -» NO,, SEQ ID 

'0 NO,9. SEQ ID NO:20. SEQ .D NQ-21 SEQ^n 1 !f &17 - SE ° ' D NO:18 ' SE ° 
SEQ ID NO :25 , SEQ ID N 0 :26 , SE^D noTseTid MO ^ '° ^ * '° 
NO.30. SEQ ID N0«. SEQ ID NO:3 2 , SEQ^O * sL7 D Mo " " M °* SEQ ' D 
' '0 NO.-36, SEQ ID MO: 3 7. SEQ ID N0 38 SFO ,n mA ^ SE ° ' D NO:35 ' SE Q 

SEQ ID N 0: 42 . SEQ ,D ^ "° '° ^ 

NO:47, SEQ ID NO:48. SEQ ID NO-49 SEQIDNrfw^e ^ SEQ ' D N ° :46 ' SEQ ID 
.0 N0:63, SEQ ID NO :5 , SEQ .D^QtD » "~ ~ 

no,, sss;* • :r ed * - - • 

-0 NO..U4. SEQ ID NO*5. SEQ ID NO:66. SEQ , ^ " ^ "° 

Preferably. me porypepHdes of the presem L , " SEQ ' D N ° :69 - 

sequence of anyone of SEQ ID NO, to SEO imurl «l °" """^ ,he am,no acid 
of SEQ ID NO:58 to SEQ ID , w 1 „ * 1 " "* am ' n ° *" "anyone 

another preferred embodiment Tf ^ *" - 
acids, to29ofanyoneofs6Q| DM( ^2* DN0 l PraSem inVen "° n a^no 

H M mm 
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of amino adds 1 to 29 of anyone of SEQ ID NO-i to <spo ,„ un 

anyone of SEQ ,D NO* to SEQ ID NO:69 " ^ ^ 1 to 19 ° f 

sela^a 2 l^T"" ° f - ™» ""<~y >e 

5 The polypeptide of the Invention may he an ^ - 

preferably constets of, an amino add seouenj £ has ^loT: C ° mPrtS8S ' 
two. such as at the most one suh«H.. tf L , . Mt e * a < tn8 «*! 

compel to * amino -ZITSS^^ * — - - 
wnerem X, = L or R; x, = L. V, , or F; * = R ^ ^^1^^^ 

10 K, R, G, M, N or E: X T a G, R, K or E; , « * ' >< s = R. K. W or G; X,= 

F.CorYt X„. 0 .AorT : Z=Rorxtx IKX y v 3 1 B K or R; X„ = ,.L. 

or amino adds 1 to 29 of anyone of SEQ ID NO-1 1 seo I, ' *" * ' " * 

anyone of SEQ ID NO* t0 SEQ ID 1, m " an * n<> 1 * * 

15 standata techniques known In the « f ' may <*»*«** by 

po^da comU rair,::criras e : ed/r8ndom m ~ * * 

kotk, X.-L, V.lorF; X 6 = R,K.WorG- X.*K R r- m k, * ' * 

G, R, K or E; X a = L or F; X M a K or R; X , S L F Cor Y- x" V ' ^ * * K ' * * " 

20 X„-,-K.X,,X 18 -X,,x,.L.V^ wherein X.-Q X -k = ^""^ 

orD; X,. = lorL; x„ = R. H QorP- X -7„ * ~ ° r X « = P -A-".N 

» NO:, to SEQ ,D NO:57 or' ami a ^", J, 9 Z"*° "* ' '° 29 

NO*, in one embodiment of thaTln^ T any ° ne * SEQ '° NO:58 to SE ° ■> 
coneetvative amino ar^^IC - ™ *"»" <"* °' a — * ■* * 

• of - Pnotein; sman L^T^^Z TT"* *" ,0ldin9 "** a *<* 
oarboxyMenrtnal extensions such TI 5 am ' n ° aC,dS; sma » a "*°- » 
Peptide o, up ,o eboT^ o r°" tem,lnal me ' htonine a sma '' — 

^--^-—s^'r^rr: purmcaton " 

a binding domain. "'strains trad, an anbgenic epitope or 

' Examples of conservative substitutions are within the oronn m k • 

(orglnine. lysine and hls«d,ne), aoldlo amino adds (Zlo adTl 8 0 

amino acids (glutamine and asparagine) hvdroohL , aSPartC aCld) ' polar 

and methionine), aromatic amino aZ ^ T ° **" (leUCine ' iso,au ** ««*» 

• amino adds JL^Z^ZT. L^T** ' W0Phan ^ a "< 
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Ser/Asn, Ala/Val, Ser/Gly Tw/Ph^ ai^/d . 

Asp/G* a, „en as aj£ ^ ^ ^ - 

^--•h^CtTZZ^T - P0l>pep " d9S are aterea - *» — * 



IM-termlnal extension 



10 



15 



embodiment N-termina. pe^T e^onT ' ^ " Bh0 ^ * ° ne 

defined further below In a teX2 '" ke C,eava 9 e site as ™" be 

comprising at least two Glu (E) and/or A^^dTT ^ ~ " 9 ^ 

extension comprising one of the fo2 ' SUCh 38 an N - term ™' 

prising one of the followmg sequences: EAE, EE. DE and DD. 



i<ex2s|tes 
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Kex2 sites (see. e.g.. Methods in Enzymology Vol 185 ed D g^o, a „ . 

In the context of the invention insertion of a kex2 or kex2 lite .a. . „ , 
possibility to obtain deava™. at a Kex2-Mce site result in the 

«.e an,lno aci sequent <Tx TT? x rr*" 10 ^ Sh °"" - 

= t or * x 2 = L ~ ^ R X ^ R -WK-,-X,>VK-x,x 1 ^-x,,.x, rZ; whe re ,n X, 

1 2 v » 1 or A3 a R or K; X 4 » L V I or P- Y - D iju ~ 

N or E; X. . G, R, K or E; X. = G R K or E" X - . p v" * * = * R ' G " * 

X, 2 = G,AorT- ZaRorx y Z Xw ' KmK - = ■. L. F, c or Y; 

acids , te 29 of anyo^oTo ^ 2 * * ° " P = *" = ' " ^' - — 

SEQ !D NO: 58 to SEQ ID No™ " ,D ^ " "*» 3ddS 1 <° » - -W» of 



35 



SEQ ID NO:58 to SEQ ID NO:69. 

Fused pnlyppptiHog 



The poiypepfides of the present invention also include fused poiypeptidas or oieavabie 

-9- 
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fusion polypeptides in which another rsnitm* , . 

of .he pofrpepttte c the Inven^or^Z * - N " tem " nU5 " - 

fusing a nucleoBde sequence (or 8 ^ menUh9re0f - A ' use « P^P"* Is produced by 
nueleo.de sequence (or a po«o thereof ™ POlypep " de to a 

fusion polypnea are knl T" >menVm - " ~« 

-he Po.ypep.des so ma. mey re , ^JT! **" " ,U — ""*» 

undergo, .He sa me pn,^,^ eXPrMS, °" °' - — «"*»** * 



PolynucteotirtPs and jaycjgotMg Sen.ion^o 
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vc^urm.^ 

PC.ynudeo.des cc^^a nl^" * - 

(nvenuon. Due to the degene^^l T"™" enCOdeS 3 P ° ,ypep,,de * 

«.a, severe, nucfco^ ZIZ! ^T* ** ^ " - -"Bnta 

■ adds of me polyposes of the Invent ^ "*"• en00din9 ,h * aIrt "° 

or « X, = L, v. , or R X, = R or K; X. = L v , ^'^ ^ """^ ** = L 
- * X, . G. R, K or * X. . G, R. K or E; X. " or P ~ X \* K " p I * = * * G ' * N 
X«-G.AorT; Z.RorX„-X IKv v v « Xi 0 - K or R; Xi, = I, L, F, C or Y: 

I M L or v- y = . ^ 15 ,e "^ ,7 "^i8-L-V-P; wherein X 13 = q L or P- X -J 

I.M.L0TV, X, s = p, A, H. N or D; X„ = | 0 rL- X - R u r» «.LOrp, X 14 -K, 

one or roore nuclides Z^ZT.Z^Z ^T* ~ — ' 

where „ „ „ re^d ^ " ^ ^ ~ ' 0CaU ° n 10 ' ~ * 

me fragment into a vector moi^,.. „ „ , «w*mg the polypep.de, insertion of 

cell where n.ul.p.e ^.TSL^ fTl °' ^ ««* "» * - 

nuc,eo.ide sequence ^ * -^^"fT* Se<,UenCe "* ^ ™» 
comblnaBons (hereof. w - sennsynmete, synmete origin, or any 

- rsrr: zszzr: of ^ ~ — 

sequence ma. has a. leas, one subsWion de^ anlr T"™" " ^ 
emino acid sequence: O^WWyw^J^^ " °~ - «» 

'm s-Ae iM a 7 ^a-K-X 9 -X 10 -K-X 1r X 12 -Z; wherein Xi - L 
-10- 
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orR; X 2 = L, V. I or F; Xa^RorK- * - i w . 

X„ = G.AorT; Z-Rorx^fcrfjcx x « v * X, ° =KorR : *« - U F. C or V; 
I M Lorv- v = . . " KX,pX »- x "- x '«^-V-P: wherein X, 3 = Q i orP- x -u- 

I.M.LorV, X, 5 = p. A, H, N or D; X„=| 0 rL- X - B u n n «.<-orP. X M =K, 

5 acids 1 to 29 of anyone of SEQ ID NO-1 to spo in J, „ ' " X " = ' or K; or amln0 
SEC .0 NO:58 to SEQ 10 NO-69 The! l!f 10 «r amino eclde 1 to 19 of anyone of 

from the poiypeplide llteTIi ^na ^tL^"* ""» ^ 

mermostebnity, p H op,,,™,, or thel ' **" ^ diflar «— «** 

polypeptide. Amino add residues essen«*l°-l 8 "" *•"" in an 

nudeotide sequence of ZtZZTZ I , * * "" enMded * •» 

such as su^tuBon. may be T* *** * 

a-ected mutegenes. oTatanlnJ^n ^ 8 «T ST-TT T "* " *" 
'5 1989, Sc/eoce 244- 1081-108S1 in .h i - a9anes,s i 5 * 8 ' ««. Cunningham and Wells, 

posiflve* cherged reJZ 12 ™ a ' -» 

emimicrohia, L^J^Z^T !* ^ ~ teste ° * 

molecule. Sites dl^^, ** "* * to «» — *> <* - 

m re e.d^ens to „a,sCr^ 1 ™:r 0n h ean *° * "** * < ha 

- ana^i, c^og raphy ;^SSEST JlT ?, ^ — 
398-3,2= Smim era,., 1992. ^a,„^ ^24 f 2 ' ^ 255: 
FEBS Utters 309: 59-64). 899-904; Wlodaver et al. . 1 992, 

• add sequence o, the ZS^Z^^Zl "* T " ^ — 
* ft. codon usage of the hoe, ^ ^CSSTiT MrreSPOnd 

any o, the methods JT^lZ ^^2^ ^ 
' supercolled, double stranded DMA vector wlth an .„ T ' ""^ Wh '° h Utitees a 
containing the oesired mute«lon. XT"? ** *" Synlhe,IC 

sirands of the vector, extend durtno J,™ 7 ' * C0 ™P |emB '" a 'y •» opposite 

On Inco-poraHon of the Xe Zlte^ * ^ * ° NA 

. temperatura SL'STJS l^vT T? ~ 

and hemimetfiylated DNA to d\ n ^ S Spec,flc for me %'ated 

- coning synLJ^ 0 2T ZelT „™ ^TT " ^ " mUtett °"- 
-era, daemon of nudeo„de ele^ ^.T^^ 
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and Purification 2: 95-107. 

lucleic AcM Consrn./>« g 



10 tee nucteo«de sequent prtTte ,7 ° f " 

dependteg on «. e xpJ lon ^ T"Ll 8 Ve0tor "* ta — * » necassary 
"«ng recomhinan, WA methoas ^ £ «* — W< ~e seances 



aic nnown in the art 
The control sequence maw ho «~ 

sequence which b reo^Z bZ^ " P ' Om0,er a nu °"°»«° 

15 promoter sequence cZT^T T eXPreSS '° n ° f nUdeoUde The 
- 'He P<Wde. T^Z^^lTT """"^ ^ - 
-»* h .he hos, ce» o, Z« WudL 7 "* """""^ - * h Sh0WS *— *— 
be obtelned teom ganes ^ZZZ ■ "* **» ™* ' - ™* 

or heterotegous to the host c^ °' eiteer homoiogous 

obteteed from tee e „„ , 80 0 ™' I**** a ■»*»■ "os. cel.. are tee p romotws 

-evansuc.se gene ^Tbs^ ZZ T ~ 
aeamfhemrppAte n^ ' * ' WtaB *~ a'Phe-amylase gene (am*,, Sacfflos 

• gen. (amyQ) , ZTonTJZl *T *pha. 

end xye genes, and p^™,,. ^IT """ ^ "*» **« 

promoter (DeBoeref at. 1 983 , Proceed/™,*,*,* „ , 37 2«731), as well as the tec 
25). Further p romo ,e re a re iST!^? ^^^-^aO:*,. 

- A^„, us nlger neu(ra , a^J^T^ 8 ; ™7™*^aspart.c proteinase. 

Aspem/te oryzae alkaline prot e a se ^JT '"" 2Dm '" w »Pese. 

^ero/to nWaTO acetaml P ^ ^ «~ ^a te -somerese. 

Fosawm oxyspomm t^psln-like protease (WO 
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96/00787), as well as the NA2-tpl promoter (a hybrid of the promoters from the genes for 
Aspergillus niger neutral alpha-amylase and AspergHius oryzae triose phosphate Isomerase) 
and mutant, truncated, and hybrid promoters thereof. 

In a yeast host, useful promoters are obtained from the genes for Saccharomyces 
cerevisiae enolase (ENO-1). Saccharomyces cerevisiae galactokinase (GAL1) 
Saccharomyces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate 
dehydrogenase (ADH2/GAP). and Saccharomyces cerevisiae 3-phosphog.ycerate kinase. 
Other useful promoters for yeast host cells are described by Romanes et a/.. 1992. Yeast 8: 

423~488. 

The control sequence may also be a suitable transcription terminator sequence, a 
sequence recognized by a host cell to terminate transcription. The terminator sequence is 
operably linked to the 3' terminus of the nucleotide sequence encoding the polypeptide Any 
terminator which is functional In the host cell of choice may be used in the present invention 

Preferred terminators for filamentous fungal host cells are obtained from the genes for 
AspergHius oryzae TAKA amylase. Aspergillus niger glucoamylase. Aspergillus nidulans 
anthranilate synthase. Aspergillus niger alpha-glucosidase. and Fusarium oxysporum trypsin- 
like protease. 

Preferred terminators for yeast host cells are obtained from the genes for 
Saccharomyces cerevisiae enolase. Saccharomyces cerevisiae cytochrome C (CYC1 ) and 
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful 
terminators for yeast host cells are described by Romanos et at., 1992. supra. 

The control sequence may also be a suitable leader sequence, a nontranslated region 
of an mRNA which is important for translation by the host cell. The leader sequence is 
operably linked to the 5' terminus of the nucleotide sequence encoding the polypeptide Any 
leader sequence that Is functional in the host cell of choice may be used in the present 
invention. 

Preferred leaders for filamentous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose phosphate Isomerase 

Suitable leaders for yeast host cells are obtained from the genes for Saccharomyces 
cerevisiae enolase (ENO-1). Saccharomyces cerevisiae 3- P hosphoglycerate kinase 
Saccharomyces cerevisiae alpha-factor, and Sacc^myces cerevisiae alcohol 
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP). 

The control sequence may also be a polyadenylation sequence, a sequence operably 
linked to the 3' terminus of the nucleotide sequence and which, when transcribed, is 
recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA 
Any polyadenylation sequence which is functional in the host cell of choice may be used in the 
present invention. 
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Preferred polyadenylatfon sequences for fiiamo^ , . 
from the genes for Aspens o^ e TA ^ 17 * ^ °* « obte ^ 

Aspergmus nicfuians anthranflate synthase ^1 9 ,ucoa ^se. 
Aspergillus niger alpha-glucosldase oxyspomm trypsin-Kke protease, and 

5 Useful polyadenylation sequence.; w * 

sh ~^~ce^^;r 5 ^ 06,15 are ^ by gu ° a " d 

amino « Z^HZTJ^ ^ "*« »*» •* codes for an 

PO*pep Me Into .He «„, secre ^ ~™ V J^TT ** "* " 
10 nucleotide sequence may Inherent , JL, COdin9 seouence of 

Nation read*, fra Jl^e™ * P6P " de na ' Ura,l >' ln 

Polypep«de. Alternatively Z 5 end *T "T ^ reS "° n " W * enCOdeS ,hs — « 

— M * c ^i^rr r y ^ a s ^ 

region may be required where th» ^ sequence. The fbre,gn signal peptide coding 
« coding region. A Llty ' T"" dMS "* a signal pepUde 

nature, s,na, pep«de CS^Tr" ^ **' ^ 
However, any signal peptide coding rein ?, ? SBCre "° n * DO,ypepti<te - 
— —y pathwayof a host c^LT" ' "V™*" "*> •» 

Effective signal nemT - ~" USe ° h *• ■»•"* h-nfcn. 

- coding regions ^l^ZTZT^Z^ " ^ «* 
stearothermophilus alpha-amylase fiar*/,,. r f - Otogenic amylase, Bacillus 

•acmase, Sac*, ^LS^^EST T > ^ 
"*m pr$A. Further signal peptides are dLllT k ' ™" BKm - 

Mcrt,«d/ogfcafR eWewsS7;109 .i37 " S " , "" ,en 3nd Ralva ' 19i ». 

5 ~r r .trr r ;r rr r hos * - - - 

^a^n&erneutraiamyla* AsZJZ^T , * TAKA am " as * 

■ — JSLt; jri£r.r. r are ^ *- - — - 

uaetu, r ^e coding ^tTC sT" °*" 

• -"own as a proenzyme or pr^^T? * 8 ^ resute "« >* 
generally inacaveld can TZetdl """ — > A » 

• au.ocataly.lc cleavage oTme oreZT, 'T^ P ° lypepUds * or 

»*n may b e oJ^CTLtl ™e Propeptide coding 

rom the genes for Bacillus wms alkaline ^ 
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sutm neutre. protease (np,T). Saccharemycee cerevfe/ae alpha-factor Rhtzomuccr 
aapamc proteinase, and MyceUop^ lhemopfllla laccase (vv0 g^^'" ntf< " ,e ' 
Where both signal peptide and propeptide regions are present at the amino „ , 

It may also be desirable to add regulatory sequences which allow the regulation of th. 

amylase . T ^ *" fflamBntous *■* •» TAKA a^ha- 

0^1? * mr 9lUCOamylase (""motor, and > Wtos JL 

gfccoamylase promoter may be used as regulatory sequences. Other examp* Tof JZZ 

nzxr r a,,ow ,or sene an,,ii,ica " on - ,n — >* 

mltr 9B " e b amplmed ln «» *«-»• of methotrexate and me 

~71 9 Z T are amp,ffled "* heavy " — — ■ - 

sequence encoding the polypeptide would be operebty linked v*h the regulatory sequence 



20 Expression X/grtnro 



nuc.e.^rrrrr r? N ~ — — - 

h m *k u invention. The various nucleotide and control seauences 

r ^ ^ ^ 10 ""^ a ~- session 
Z£T ^ C0n " 8nient reSlriC " 0n Sites 10 *• «* ^on or substitution of «. 

CeTo ITs T*" P0VPePM8 * "* 5,teS - me nuCe 

sequence of me present invention may be expressed by Inserting me nucleotide sequence or 

a nuctexr aad construct comprising me sequence Into an appropriate vector tor to 

creaung m e expression vector, the coding sequence is located to me 

sequence is operabiy iinKed with the epprepnate contro, sequences for expressioT 

The recombinant expression vector may be any vector n * n.™.,, , , 
can be convent subject to recent, ^^^STZ^Z 
express™ o, toe nucleotide sequence. The choice of me vector win Really depend Z 
compa^ of ma vacor w«h me host «, toto whlch me vector ^ ^11^ 
vectors may be linear or closed circular plasmids. introduced. The 

The vector may be an autonomously replicating vector. I.e.. a vector which exists as an 

eTTZT ' en T rep,lcatton of wh,ch is - ~rreZ on 

a.g.. a plasm*, an extrachromosoma. eiement. a minichremosome. or an art*,* 



chromosome. 



a single vector or plasmid or two oTmo™ T *" e9 ' a,ed - Furthemore - • 

ona to oe ^ into cjjz, :zrjriT to9e,her °° n,ain - ™ 

The vecors of the present lnvenlion p ^"' """" P °" n ma " ba U888 ' 
which pem* easy selector, of bansformed ZZZ^Z mT ma * 8 ' 8 
whtch provides tbr blocide or vlra, rested ^STLT" " 3 *" °» 
10 auxotiophs, and the like. resistance to heavy metals, proiotrophy to 

Examples of bacterial selectable markers are ih. w , 

Kanamycin. chto ra mphen,co, or reslT^^ T " ^ 

are ADE2, HIS3, LEU2 LYS2 MPT* to D , * 6rS for yeast host 

« lentous fun*, hos, JTlt ^r*"' ^ 

(ornithine carbamoyibensferaee, (,ar ohlh « ' *"* (ac8,8mi *»<>>- *SS 

transferase). n*o Zk J^^JTT^' 
sC (suifate adenyWe.se, ,„c fc^CSt^TT, 

Preferred for use In an cell a reTT wT et " , ' rale " b «**«*• 

0 «*» or/lspe^/te on^e and ^72 ?«. and 9enes <* 

The vectore of ^Ti . T *** " S<re '" on '^ "ysrescopta/s. 
8 vecrors of the present hventlon oreferahii/ 

stable integral of the vector into me hos, ^oenl . ** 
vector in .he cel, independent of the genoT * 6 * aU, ° n0n10US <* - 
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For Integration into the host cell n«nom« 

sequence en^ »» po^pj^ £ ZZZZ 7 7* °" 

the vector Into the genome bv h™w Vector ,or 8,31518 Wegratlon of 

r — ma y ^zzrzzrs^zrr. A ~ e * 

in the chromosome*,, rt nlaTlT 7 ^ "" ^ a ' 8 *> 
Inlegretiona, e ,e men* enl u, TZ * col °'J n,e9ra " 0n * 9 - 
100 to 1.500 base pairs, prefab "oto ^ le^ T* " "* " 

hase palre. which are highiy h JJ^Ct™ T *°° '° 1 ' 5 °° 

«>e prebabiilty of homologous re^mbin^n T T, n ? '° e " hanC9 

sequence ma, is homoiogous with ™* * ^ 

Fudhemrore, me integre^na, elemems £ bTnTen JT 9en0me °' ^ Ce "' 
seguences. On me Cher hand, me v«Cor ma be »£Z£L~ ^ 

y mregrated into the genome of the host cell 

- 1ft - 
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f-eCerta, origln s of re^ClTZ," ," *! ""^ " B "*' <* 

PACYC177. and pACYCW pUL™ ^ „ V*""" °' P ' aSm ' dS PBR322 - 

and pAM&1 pernl 9 ^TiSTT ,* "* PUB,1 °' PE194 ' PTA1 ° 60 ' 

rr rrroT^ zrrs ren ~ - 

copy number 

sequence info ,he hT^^ " , " , * B " "* add " i ° nal °° P > - - 

the nucleotide sequence 7 amP " fla '" e "•"•l* ^ ■» 

gene, end "T*" ,™ «*- of *e se^o-e m a*er 

a. (see. sLj e^^T ~ ~ ^ *> "» — » - 



idostCelfs 
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ac W Ji^zzzzz r a hos ' 06,1 - -* 

of ft. polypepades A^^l — h •» ~« P~n 

- ~ r b r r °t such as — - « 

« ^^C^Z^T' 3 " **" *** *— 

- 17 _ 
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P-pr^ - -* for instance, be ejected by 

168: 111-115), using JZfJL^.fT 

a a***, a, 323-329, or ^ ^0^^^' T" ^ " 

B/o/ogy 56: 209-221), electroporation (see eo «T \ ' *^ « ****** 

ft. 7^0 "purauon (see, e.g., Shigekawa and Dower 19ft« • 

6: 742-751), or conjugation teen o « w~,k. - "«wer, iges, Biotechniques 

'•juyauun ^see, e.g., Koehler and Thorns 1QA7 • *„ 

5771-5278). 61 1987, •WW"* of Bacteriology 169: 

CAB international. University Press CambZ, uT *"* ** 1 " 5 ' 

soc. ^ Bacterid. ^ S ^ ^ **" 

sac**™ ^Tai^rr,: 0 ?cr 

ceP. ,„ another mos, pref6rred en*od.me„ t «he yaastCT* 7. ^ 8 ' OT "" eS °* m ' & 

"tr ^ - ~-tr^rzz°:r ee "- 

poVsaccharfda, Veaetertfv9 2^ aTT " ^ ~ 

spac, as c ^0, 1,Z T T^*"* " " 0S « <*" > • - - - 

bu, no, Ilmted to . ^ . 

_ <4 O * 
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Myceliophthora, Neurospora Penicillin™ 

in a most W^^Z Tr 'T^"""- ° r nCh °*"°»- 

- * a ^ ™;tTt? nt - nbmen,ous ,un9ai host 

sambudum. Fusarlum s aK cchrou m fIh, mSeUm ' Fusarium 

barred embodtment. ^ fllamen|ous "~ <»»• an even most 

SP- nov., ce». ,n another mos, preferred ^^ ^7 7"*" (N '' Bnbe ' 9 
«</mtarfa /haotens, Hum /cofe fe „, m ,„„ D " ,m8W . *a filamentous fungal host cell Is a 

Tlcnooerma ^ ^ e L^^~'~' «*— *—» , 
16 tf/idecell. ansmraewatum. Trlchoderma nasal, or Trlchoderma 



20 



25 



1474. Suitable nt^fo^Z,™ f ~ * **— «« «: 1470- 

1989. Sana 78: W^lTSS^ T "* * " *■ 

Genetics and Molecular Bioloov Mrfh»*, ■ T ' R '" ed,to,s - Gu ** > to *»* 

*ess. tnc. New Yo* ^ "fT 09 " 194 ' ■» Academic 



Methods of Prnrii tntinn 
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production of the poly D eotid e - «nn conditions conducive for 

e Polypeptide, and (b) recovering the polypeptide. 

j n sir nzr « :r r ■* 11,6 - are — * * «— 

axample. ma ce« may beTlTed 1 "nTT US ' n9 ^ in - "* 

«""—*. flndud T'T 8 ™^° - ^e-scale 

or Industha, ^0^^ tnT^'bt * ^ k^* 80 ^ h 
Polypeptide ,0 be expressed a^r Z^Z c^Zt^l 

madlum compdslna carbon and nitrogen sou™ a^to 2 ' ^ ^ 

ources and Inorganic salts, using procedures known 

- 19 - 



10328.000.OK 



10 



in the art. Suitable media are availahi* 

according ,o p ub , lshe d ccposC (1 Z "TT** T*" " "* ""P— 
Collection). If m 6 polvpop,, Zl,l^' ^ " ,he A ™ rican T *» Cultere 

recovered direct* JTCeZ^ ^ nUWen ' med,Un '' "» «»*"«"* can be 
tarn cel. .yse.es ' " ** P ° ,yPep,lde te "° l *~ ■ can oe hoovered 

~r^~5r «=== ~ 

-porafcn.orpJLI, ' CenW * U9a "° n ' »-"• W<*» 



15 



20 



SDS-PAGE, or extraction « » g " ammoniurn su 'fe*e precipitation), 

or extraction (see. e.g.. Protein Purificatinn i n i~ 

editors, VCH Publishers, New York, 1989). ^ Janson and «-» R^n, 



Plants 



25 



30 



35 



has ^zrrrj^r to a ,rans9enic p,ani ' p,an ' « »-* - 

-% 0 r - ^rr.zr rxsrr havin9 a ~ 

quantifies. The polyoeDtide m *» h» P the recoverable 

the quality of a food or feed a n imnm • , V d as Such for ™P™»*9 

a .uoa or reea, e.g., improving nutritional value Dalatehiiih, ^ , . . 

properties, or to destroy an antfnutrftive factor Th« « 7 Pa ' atabil,ty ' and rneolo 9» cal 
™y also. use d to impwe or JSZ^Z^^Z " ' *" ~ 

— ; stjzz r rrr r r^-*--- < a 

Poa), forage grass such as Festuca L«.»., m . ° W 9rass (b,ue 9 rass ' 

e,.. wnea,, on*. w J£SSET ~ ^ " - 

Examples of dicot plants are tobacco, potato suoar hp«» 
Pea. bean and soybean, and crudferous ,J££Z£^™ " 
^.^ose,y related mode^^^ SUCh " 

Bcamp.es of plan, parts are stem, calfus. leaves, roof, frulte. seeds, and .uber, Also 
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specific plant (issues, such as chloronlast =>„.,.. 

cytoplasm are considered * be ^L n Tl "^"^ and 
origin, is considered to be a ptont part any plant cell, whatever the tissue 



.an, pTJEZr" ^ ^ " - — - - Progeny o f such ptan.. 

riraybe^rZta^ritrr 9 3 P ~ * " >— 

«s constructed by .ncorpo J g" °* 7 " ^ ^ ** P,an ' «* ■** - 

■» Present Invention 1 h »Zl , C0 ' ,S,rUC ' S enCOdln9 8 •"*•»** - 
10 or plan, cei, Into a transgenic 2 J "* V* 393 "" 9 "» ~*« mo ^d pten, 



35 



appropriate regutetory sequences ZZT ,nVenU ° n ° Perabl >' ,inked •» 

PM or pian, pari 0,1*^1™^ " *™ 8e< "»"« ■» 

ma*er U sefu, tor ^^Z^T" ^ 3 — * 

and DNA sequences necassa^ •^2^2T^TT W ** d 
'arier depends on the DNA JLC^^Z ^ " *"* — " <"» 

» and how me polypepade Is oLred to be e™ ZZT °" ^ °* 

encoding a polypepUda of m. present mZ ' *° exPression of *• 9 ene 

deveiopmento,. stage or Ze^ZZ ^ " " ° r "«* »e 

«ssue or plan, pari such as sTs VC 'ZIT" ^ * ^ * * ^ c 
described by Tagu. a, a ,„ 1988 , ^ p^ae C ** eXampte ' 

<- ^~j: s z: p^r aMv promoter may be — - - . 

, . ^'y««n specific promoters may be for Avamnia ~ 

sink tissues such as seeds ♦ k example, a promoter from storage 

Sen*. 24: 27 , 303 , oTft nZTZ ^s^aT* ^ ~ " 

Wof. au 24: 863-878), a seed apaclfic T ™ ( "° e ' S/ ' 1994 ' 

' alburn promoter from nce £ e a ,277^ " 9 "" e " n ' - 
/aoa promoter from „ JZn 1^' t ^ fl *"* W ' 39: «"«•»• a «* 
(Conrad e, a, 19 g, ^7^^^,^ — *» 
body protein (Chen af a,.. 1998 . Plant J JJ^ 1 ^ ^ a seed oi, 

• napA promoter from flrossfca oaoua or am , „«, 935-941), ,he storage protein 

e.g., as described ,„ WO 91/W72 FurtL "** ""^ known h *• t 

■ Ptomoter such as the 1 ^ 'CT*' ^ ^ be 8 ' eaf ^* 

00. the chloralla vras aden,ne methylfransferase gone promoter (Milra 
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and Hlggins. 1994. P/an, M^^ar Biology 26 . 8S-93) „ ^ „ W p „ 
(Kagava e, a,.. 1 99S . Moleouler M Ge ^Z2 Z^yT" ^ *» 
—r sue, as the ^ pln2 p _ (xu ' * -rZT 

— — .e p~r~r„::ir r a ; in,ron ™ is 

present Invention. For instance. Xu et af urn T 9 P 01 ""*** 5 <* <*» 

nee ac»n 1 gene to enhance e^cT" ^ **" *—«"•» •« <"<"■ of me 

10 



cnosen^nr : r;r any ^ *** « *° — - — - 

convenratXjrcTJarrr imo - p,ant 9en °™ —*« *> 

virus-medtated JLnmZ?£££ ' '**"'"*■"»"*<• transformaaon. 
« ana etecUopo.tton (GaCai T b0mbar<imem ' *•* 

a: 535; Shimamoto ei a,.. ^ "* ^ P ^ ^ 
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Presently, >»gAotecfe/f(/m ft/mefac/ens-medlated aene transfer • «. 
for generating transgenic dicots (for a review Z m T ** ° f cho,ce 

MWeoitar B/o/ogy 1 9 - 15-38) hZI " * "* Schi, P e ™>* 1992, Plant 

Car -s forma ^ ~, 
method of choice for generate t™«™- ""^rred for these plants. Presently, Ihe 

9«d or tur^aten paJescc^ T* " ^ b °"*»*™* < m W 

aotachnofogy 5: 1BMa2 . Vasil „ „ 19 t s!^ . , ^ ^"^ <***» 

method for transformation of nxtncl^'i, h w W ,0: alternative 

Omirulleh e,a, ,993. CSTJSS ^T" " anSf0rmMOn * *— * 

^ ^ and regenerated tnto whoie ptanla accenting to methods well-known In 

ptesent^ZZ^eTLtr " ** ~ 9 3 - - 

nucieo.de sepuenceTnZ a^U T?"* P ' an ' " ' *" ~ ™ 9 * 
invention under conditions cZZ^ZT . 9 a '"* niCrobial ^ of *• ~ 
polypeptide. ^ ** « * ^ and (b) recovering me 



CompQsitinpc 



-n a s«» former aspect .he pre se„, lnven8on re|ates fc 



as 

- 22 - 



component, J. . °' " - - "*r peptide 

comp.se muldpfe en^c . A " 8m8,KW ^ "» "~» ™>y 

' ^ catatase. ^".^TTT """"X^ 

deoxyribonudease. esterase. ^^mZZ. ZT , ^ ^^^n^ferase. 

oxidase, pectinolytlc enzyme De ntM„„i... , S6, ,,pase « mannosidase, 

a^. 

anUmioobla, acMy as denned abova The biocT!! a ; Um,Crobia ' P"*W«* exhibiting 

- a* Cfesses of an«bic1ics ^ T 2l V amib,0 " e ' " 

oxacillin, carbenidllln, nafcHiln, ' ™V? PenlC "" n "anicillin V, methlciliin. 

15 inhibitors, cephalosporins a « «LT' T " ,nS """""a"'" «* beta-lactamase 
carbapenems; .JLi. 1X^1^' ^ 
Polymyxins; sulfonamides; quino^ T?*"^ mcom ^' 

trimethopnm; vancomycin; ate CtL^ ™<™nidazo,e; specUnomycin; 

Povanaa, a. g . a ^ " " ~* 

*> ketoconazol. ibaconazo! and fluconazol ^ ^ ^ e *- "*»»•. 
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preferably In an aqueous solution of 10* rwJ ^ S °"" l ° n of 25 *WW>: 

5%(w/W>; even mora pre fera bt1n more " refe rably in an aqueous solution of 

aqueous soludon of ™ ^ZTT " ^ ^ ~* " 

biocidal agent ° "• parbcular >n an aqueous solution of 0.1%(wAv) of the 

<os M itjc: tc^r: o, ; nh,bwn9 - - e ~ «, 

concan^on of ,o 0 o p pm; pnJ^J ™ """^ *" — *> • 

preferably whan added in a coneentJont^oT C ° ncen,rall °" <* » PP* mo™ 
conception of 100 pp m; most j^T.""* *» — <" a 

pamoularwhen added in a concerns of 2 Tp^ C ° nC8n,ra " 0n * 50 Ppm; a "° " 

^zxzzzzz it:;: r n9 - - - - - 

- — ■ — ,n an aqueous 2Lt = ~ 
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solution of 5%(w/w); even more Dreferahiv u 

in an aqueous soluaon of O^^lT °' ^ 

the bioclda. agent " Part,CU ' ar an a " ueous •**» of 0.1%( w/w) ot 

concentration of U7pm preffraoL J ^ SU " S,rate - » he " ** * * 

concentration of 100 ppm; mos) preferaWy Za^lTa * ^ * * 

pattlcutor when added ,„ a concentration J^n " " " 50 3 "« 

20-C in an aqueous so,u«cn con Jn, m l^Si » T ^ ^ * 
« w/W. most prefer 5% w/w) of „, ^ T 10% 

- - - enable, ^^£^^2^ ^ " "~ 

The enzymatic component and the blocfdai a ««„f « .u 
sauced so tha, the of £ ^ ,03^ ,^ .° ^ nTTT *° * 

containing 500 ppm fpreferahiv 9*n ™ 3 m,croblal S™»th substrate 

et ta otocda, zs^zZrZoT™?; 0 : ppm ' « 50 

inhWed a, teas, M (praferao^ I^X^raeT an8m,Crob ' al P ° lyPePMe ' ^ 
by adding me rasults of separata i^l . CCn,pTOf to ""■» ls obte *»o 

«ea to ne,ra C~ 6 :r ^ ^ "* "» ~ 

The antimicrobial polypeptide and the biocldal aoent of th» ,.■ 
selected so tha, the number of IMng cells of ^ L^Zcc eZT *° " 
mm. a. 20'C in an aqueous soiution containing 50 % „/wTrere^ T T " " 
10% w/W. most preferably 5% w/w) of tha hkvL. , (pref8rab ' i ' 25% w/w ' ™« preferably 

- ant^crobla, ^ T^ZXZ^^" ^ 
compared to what is obtained hv «. (Preferably at least 10%) more than 

agent and the TTT T 7™ * «» *»- 

M ypepiiae a,one - a simple additive effect 
i ne enzymatic component and the biocidai an«nf «f «, 

» »_ ^ ™ ^i" -»«••. 

— > — -~ sss rrrrL- ~ rr: 

_ 9/1 _ 
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may be ,n me Z M a Z u l 1* C ° mP ° Si " 0n - * ^ ™«on 

Examples are given below of preferred use* nf «,= _ , . .. ' 
Invenllon. The dosage of the octoJl . P°lypepMe compositions of the 

underwhich the J^^ ^T.TT " " ^ ^ 

mpos,tlon ,s used may be determined on the oasis of methods Known In the 



15 Methods anri I tea.. 
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contamfcatlon by bacteria, fungl. y.L~ ^1^^ 1" 10 
as cooung water sys.ems. laundry tee water oit^T SyS ' emS SUCh 

and ,ha I,, where m^aZste. °" 
controlled. However th* n ^ n * > a- ere the,r growth needs to be 

-own ^zTzrtsr^z ,n i ~ s * — 

Sl ue. paper, cardboard. ,e*. ,ea,her. plJcs. cal g . ~ ~* a " heSiTO ' 
creams gt. * ,00dS ' """^ — — - • 

-ash. jl: ,:r,:r - 

antiperspirants or deodorants- in font h-h „ ° Uth ' Skln lnfectio ns; in 

-see. herd sorfe^s, J^Lt SST ^ - — 

Exanp.es e^su^T wh^T Z T"* « n "* *"> ha " ~ 

Pharmaceutlca, precess plants, water ? "T' " 

processing plants, water treatment plants and 1^, P " 9 P ' antS ' P3P6r pu " 
of the invention should be used h . Polypeptides 

should be used m an amount, which k effective for cleaning, disinfecting or 
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Inhibiting microbial growth on ft. surface in question 

equipment of any kind. ( - P ) system for c,ea n''ng of process 

prepared or served such as hospitals ^T^ h " fe °" '« 

brants, deiicafeesens andt^' « ' ^ «* '~d 

praducfe and would ba especially useful IT T "* " *" antimfcrot « "» food 
10 vegetables and food on sa^terl " 8 8 an,imfcrol >' a ' *eeses. Mi and 

^ « may aiso ba used as a preserve agent or a disinfect agan, in water based 

The antimicrobial polvoeDtide* of 
conbo, of water iines. and' ™ ~ ? * — * — « 

1 5 water. 00 0f water - ,n P^ular for disinfection of industrial 

The invention also relate* tn «,« * 
•» invent as a rnedica™^ r ? T a^timlCro, * a, P ° lyPeP ° dS <* * 
invanuon .ay aiso ba £££££ T^' ' COn ">°*>" °< ■» 

miooomanisms. such as C- .ga n^ oTbl ? 3 n,ediCame '" ** - »mba„ng 

The compose a „A„~ 9ram ^ '"""to' 

antimicrobial veterinarian or human theranT^ ' nVenBOn may 08 « ™ 

-d anflmlcrcbia, poiypepbde ZS^* ^ ^ C ° mP ° Sl " 0n 

human therapeutic agents or oronhufcw, ! 9 pre P ara « 0 " °' veterinarian or 

such as bac.de, or f^ZZ^Z 7Z " ™ 

25 the microblai infections may be assodZl ^T lnfee,lons - ln 

tuberculosis and cystic fibres andlTt ' nClU * fl ' but * to. 

gononhea and chlamydia. m,,,6a diSeaSeS lnclu<i "'9- " 

not limited to. 

The composition of the invention comprises an «fw 
polypeptide of the invention. onm P»» « effective amount of the antimicrobial 

0 The term "effective amount" when used herein Is intend * 

ant^icrobia, poiypeptide comprising the amino J^?^"™ * *" 

Xs-K-Xo-X^K-X^X^Z; wherein X, = LorR. v -, w , G " X, - X2 ' X3 - R - X *- X ^-K-I-X 7 - 
X 5 = R,K.WorG; ^,,,3, ^^ = «^ X 4 = L,V,,orP; 

• * X^KorR; X^^ FiC -Xl G ^ *^or 
V-P; wherein X I3 = Q, L or P- X , - K . m , v, " ^'^"^^e-X^X.s-L- 

• R. H, Q or P; Xia * o^ or 1" a * ** * * * * " °' °' *■ * ' » L; X v = 

anyone of SEQ ,0 "no 1 SEQ ~ " "*» — 1 to 29 « 

iu iNU.07 or amino acMc 1 »« 4« « t 

amino acios 1 to 1 9 of anyone of SEQ ID NO:58 



! 
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such as shampoos 9 " ra,he,e,S ^ ,Urther to "M"** hair p roaucte . 



5 such as shampoos. 

/n v/f#T> synthase 



15 



20 



25 



30 



avaitable. for example alZZ T ' <:0mmereia, Symhe,iC are 

acos. pamcutany Vomers (TZnT olT! ^ ^ "*» 

» chains ha*n 9 ^ ^2 " ^ ^1^"^ 

- the manner of preperato, w«, he oe.em,,„ed b y eco™ 2 
and the like. wnvenience, economics, punty required, 

formation, e o reducllve ^nT t , ° 9TOUPS '° r amide or ■*■*''"• a">ine 

9roU psfo;arl~L~'r 9TOUPS ^ W *— f °~ « 

used .o make thioethe*. Nsttdtnes for ,^7^1?; CyS ' ein9S * 
MM or este. amino 9roups for ^ ^ " 

lysate purified uslno HPLC J, 7 ybe P*" 8 "* 1 <* •» expression host and the 

ch-omato^. ric;rr: B r, e,ee, ~' ^ 

used will comprise at Im k. • fc P me com P° sl «ons which are 

« * wej zct^jss jsr.rt - u5uai * - - — 

at least about 99 5% bv W Pinh, • , . therapeutic purposes, usually 

— 0, ttTp 5 ^ ar:^ irrr r ed ,o - — - 

total protein * the P ercent a9es will be based upon 



Animal FppH 



35 



-Phsin.thean.microhiatpo^eso^lllr P ° S " , ° nS ^ ^ 

-27- 
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The term animal includes all anim^ . ^ . 
are non-ruminants, and ruminant* 

. nciuamg human beings. Examples of animals 

an,™,, e.g. p, gs or s,rfne ' ~ *** 

5 poulfcy such as turkeys and chicks IT, ' PW * 9rowin9 pl 9 s ' an ° *<»>*>: 

calves; ana te h ^tSSl- ' ^ " ^ ^ -* »- 

In a particular embodiment, the antimicrobial polypeptide in th* t • u 
added to the feed or wh^n hoi»« polypeptide, in the form in which it is 

"sens « lhe ^ ^Z^a^ !T ~ ^ 

* - a, « « ^ sssr Is at ieast * 7o ' 8 °- 8s - as - * * 

A well-defined antimicrobial polvoeDtide ni»n a «««- , ^ 
much easier to dose correctly to Z f ! Preparat,on ,s advantageous. For instance, it is 

20 refers in particular to the objective «f «m»i«- W P The term dose correctly 

« «tr:::r r^.Tr-irr - po,ypeptide need not be ~ 

polypeptide preparation. ^ * C ° U ' d termed an antimicrobial 



30 



35 



one cr more h^ate co m pl ons suTas , 2L !L *" PTOC,UC,,0n °' 

subsequently added to the teed ror T W pren,lxes ** * 

descnbed aoove refe* ^^1^ 7t ' ^ *»- of «»* 
^ used according ^r^e 3 ~ al 

obtamed and a,so subject TZTZZT? "V"^- *— "»» - « ao easily 

en^ anttmlCr0l5lal — «* coutse be m ,xed other 

Tbe tern, vege^bte p^eins as used Herein refers to any expound, co.post.on. 

- 28 - 
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preparation or mixture that Includes at i« * 

»«— . ««». m*Z tSL JT rr~ **""■ • "»"•» «- ■ 

m - -T^r rrs 

, - - ^zrr.~ — 

animal feed. aaoitives, such as the so-called pre-mlxes for 

«. -rrrrir r: rsr— ,or - ,n — -* 

3.1.3.2* xvj^es EC 32 ,t lfT e ^ am ° n9S ' EC 3 -^.8 o, 

3*1.4. * 9alaCtenases Ec 3-2.1.89; and/or bete^ucanases EC 

In a particular embodiment thesp nthor 
•MMH porypep^ prepa ™ 6 ^ ™ "* — «- *»- above for 

Examples of other antimicrobial peptides (AMP'sl «m r 1D « , 
P-o.egrln-1, Thana«n. Defensin. oJrto^T^l^LT^" 
vadants. or fragments thereof which retain an«m,crob JaX ' 

ao^. as JLL'ZXZZ ^ZZZ:ZT re,aln a ~ 

published). PCT/DK02/00289 [replace with WO number once 



-29- 
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Usually fat and water soluble vitamin* „ 
celted premlx Wended for add-on to thTfoTvI " """^ ,0m 
added to the feed Bthe, of the™ , „ * ^ *" U8Ua " y S8 " ara *">' 

^of.^r-^rr.rcr wi,h an — ~ 

to fO.0%: mo™ par.icu.art, 0.05 to S0%: „ to 0",^ " " °' °° 1 
feed). This is so in part.cu.ar for premlxes ' raBann9 9 additiVe per 100 9 

======rs==s 

examples of trace mmera s are manaaneso ^in^ ir«„ 

manganese, zinc, .ron, copper, iodine, selenium, and 



1 5 cobalt. 
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The „,„!T mP ,' eS ° f maCr ° mlne,alS 3re 0a,clum ' and sodium 

sHou M he proved in ^^^^1^ ^ ~ °°~ 

,a. ^zz^^zz^rr at ,eas ' - * 

one or more of one or twn ™ . 01/58275. At least one means either of. 

-.due, comp-rrr; 7 ~ rr ^ - •* * *' — 

the additive of the invention in . com " 0 ' 1 <>"< lauded in 

- range ^ Z^ ^^l' S 10 ?** »>*-~*" 
Th rour ' or co'umn five, or column six of Table A 

composer* 'rTeTre.r.tr *, T" ~ ~* *~ ~ 
charged as Indfcated lITsT^Z^ "* ** °" * 

charactensed es indicated ,n column ! » * < " 8,S 08 

have a crude « content o, 200^,0 g% ""^ "* " 8h 

An animal feed composition according to the Invent!™, h=, . 
^ end furthen™ « atlas, ^ 2 

animal S^^TS.l*' T — -* - 

«■* and/or a content of la c u r f 0 TriTr " melab * ab,e "" W °' 1M0 
of 0.1-200 g/ko- and/or a " ,"* , *«««da«*|*«to ! 

MB. and/or a content of methionine of 0.1-100 g/K g; and/or a content of 
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methionine plus cysteine of 0. 1-1 so a/ka ■ 

in partem, en.^r^T:^' T* " 9 ' k9 ' 
Phoepho™. met^e. " ^ P~.e.n. eaWun, 

3. 4 or 5 in Table B of WO 01/58275 (R 2-^ * S,TO * Wlm " 1 "» ° n9 °' 2. 

Chemists. Washington DC). " Assocla,lon <* «"<» Analytloal 

Metabollsable energy can be calculated on the basis of th. w <*» , 
'0 requirements in swine, ninth revised edition 1988 subln^ " ^ NUMen ' 

on animai nutrWon. boa™ ol agriculture m!£S SUbComm " ,Be °" «*» nuMfcn. oommit.ee 
Washington. DC pp 2 6 JZTT' 

spe^o,. • •jsrr^r zrz n F ~- 

10 The dietary content of calcium avaiiahi« „h«- u °' 

enlmal diets is calculated on the baTof ^ *"* h «"»** 

over change ^Z ^ZTr^TT' T ■~ 

".rrr r a - *— • * 8219 ■* ^^rr^ir 8 ™ 1 ^ 

and/or 0-30% oats- and/or two* * % Wteal; and/or °- 70% 

Anima, diets .J^S^^T M0 * - <«™ -» 

5 me milled feed-s tuffs are ZdlT t T (n ° n Pe " e,< " ,, " Pe " 9,ed feed - *Vl*»*. 
added acting to £ STLTT V ^ ^ " 

, - r p. he ^rrjsszsirsr - after ,he 

» The final enzyme concenttatlon In the diet Is within the ranee of 1» 

protein per kg diet, for example In ihe range of S 30 „ JL m9 enZy ™ 

The antimicrobial polypepade Z To ^ ^ 

amounts (dosage ranges): 0.01-200; or 0.01-100 7o05 100 ' Z f0ll0Win9 
■ — ranges being in „ a„ 0 mlc ro b,a, po^J^^g fl'^ °" 

— - PcWra -s determined IT^^^S 
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— r« zrr: xrrrs" ms an ~ ai p ~ -» * *- 

prcpanng me feed «^ J^J * "» Polypeptide used for 

nee. to punfy t* anH^,^^^^ fc «"»— •* sampie (no 

polypeptide from the feed composition or the additive). 



Detergent rn Tp » 0 ; tinn 
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pre-treamtent o, suitable for 

• *~ as a ^jZcZ iz riiir ~- - - 

operate, or oe fcrm uteted for tend . ^ ^S^T Ctean "' 9 

a.™ :^ 0 rrjr:i~rr;; addrave -— - 

the detergent composition mav oomnH.. „ sul * aanl - Ths detergent additive as well as 
"Pass, a c u0 na 5e , an amy Z, ~ f ^ "* " ° 3 

r» «~*"~. a x*anase, an"oZ, ^/J^T 1 " 

(such as a haloperoxidase). 'accase), and/or a peroxidase 

Protease or a trypsin^ ZI Z , ™. Pr °' eaSe ' an aM "° «*"*•- 

mose denVed Z J^T^TT ^ " —** 

147 and suo«n ,68 Z£7££Z£? T** "* SU *'" 

*VPSIn(e.g. of porcine or bovtne 0^17^^ ' °' "^"""l 8 ar o 

and WO 94/25583. ' F " S8 '"" n Pr0tea8e «*"*«• WO 89/06270 

or more of the te , low1n3 poslUons: 2? ^ ' ~ «» substitutions in one 

206. 218, 222. 224. 235 and 274. ' ' ^ 1< "' 1 ° 4 ' 120 ' 12 * ™' "ft W*. 
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"Pases Iran, Humlcola ^ CU^Ti!!^ ? h ~ 
ascribed in EP 258 068 and EP 305 smTT ! ' an «9""»8 <7. lanuginosus) as 

5 Pse^ae lipase, e IZ 7tZZ ^ ** <" W ° ^3580. a 

^(EP^Isre,;^:,:;^.;^ OB- 218 272,, P. 

70S (Wo 95/06720 and WO 96/270021 » **«««». *sepdomonas sp. strain SD 

.-9. Ton, « sums (Oa^a ~83> B^r* 6 '' 8 ' 5 ^ 96 ' 12 ° 12) ' ' — " 

1= e» mpIe . alpha^ases oblalned C d ~ "* ' nClU<,ed - h ** * 

described In mora detail in GB 1 ,296 83tT 8 SPBC,a ' S " Bin * * **•"**'*. 

raora c, the lo^ng T^Z^^ * — — - 

» 197. 202. 208, 209. 243. 264. 304. 305, 391. ^7nd Z ' ^ ^ ^ ^ W 

Cellutases: Suitable cellulases Include those of ban.ri.t . 
™™ed or protam engineerad nuttams are In^ed ^1 1m " 9 Chem,C * 
from the genera Badltus. Pseudomones HunZ T ^ ,niWSe cellula8es 

funga, cellulases praduced JnwZT b T ' IMM "* 1 *—»*•* e.g. the 

* disposed In T£Z£ZV£?, and ««a riun , 

89AJ92S9. ■ ,3 ° 7 ' US 5 ' 648 ' 263 ' US M".U* US 5,776.757 and WO 

-ne^ii^ritar: *• :r • neutrai • — « 

372. WO 96/11262. WO^ZZ^Z^ " ° ^ ** E " ° 531 

as those described In WO JmZ^TL ^ 6 ^ les a * <*«ase variants such 

• r - Parages incj ~ 7^ 7 — - * 
tW as* described ,„ WQ 93/24618 WQ = . and variants 

The detergent enzymefs) mav be inri„HoH • ^ «««n&Z57. 
separate addles contalg oL „T 1^ * * 

zymes ' or b V ad ««rng a combined additive 
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datargen, addl.ua felons * "T^ 8 ^ 8 *"* * 

particular atabifeed .louida. or s^aT * ' " < " W,US,in9 9ra " Ulates ' 

5 4 66, 452 aT n9 *" P^O<IUCe<, • - *— • h US 4 ,06 99, and 

4.001,452 and may ODtonailv w *Kiuo t gsi and 

«aun g matertals a re pXLTSL* IT ^ "* ^ El ™ * 
n-alar weights of ,000 to ^ 1!T f^* (P0, ^ ne 8'V~'. P^) with moan 

j; a^^irrrrrrr h8vin9 ^ 16 * 50 

10 atoma and in which there are 15 tol JT C0 "' alnS ,r ° m 12 to 20 -** 

sultahto tor applfcation by fluk) had ,eL que s TZ I ^^7'^ 
preparations may for instant ho , . 1483591. Liquid enzyme 

-gar or sugar LL^T^^ <*»°> «* - ~ *«-. a 

sulfate ffaHy aicoho, sulZTZ^Z a-Pha-oleflnsulfonate. alky, 

ai^lygtycoside. a^TUr^e. TT I "~ 

acid monoethanolamide, polyhydioxv alkvl ' , ^ ""^anolamide. fatty 

30 glucosamine CglucamWaaT % " ^ ° f *«* *** * 



35 



The detergent may contain 0-65 % of a detemont k„hw 
zeolite, diphosphate trioho.nh^ L detergent bu,lder or «>mplexing agent such as 

acid, aoluhla s „ica,ea or .ayered siiica.es (a. 9 . SKS^6 from Hoacnst) " 8 ' keny,SUCCinlC 

carho^ur p^ss^vjz jr ,rr are 
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maleic/aoyllc add copotymers and iauryl methaoylate/aayllc acid copolymer 

such . 7 T'" 3 b,eaCh,ng ^ may a «*» sou™ 

such as perborate or percarbonate which may ba comblnad with a peractd-fomtino bleach 
activator such as tetraacetytethvlenedtemin. _ .. terming bleach 

the bleachina svstem J* Wm ^ nea1amm <> » nonanoytoxytenzenesulfonate. Alternatively, 

Ca^TT w ^ P6roXyaddS °' «* ,he am,d * • **ne type 

soH-suspend ng agents, anti-soil redeposition agents, dyes, bactericides, optica, brightened 
hydrotropes. tarnish inhibitors, or perfumes. ongnteners, 

an w " k S f ? Sent C ° ntemp,ated that in the Urgent compositions any enzyme and the 
antimicrobial polypeptides of the invention mav h« 9 hh 0 h • enzyme, and the 

1 nn m« 'nveniion. may be added in an amount corresponding to 0 01 - 

100 mg of enzyme protein per liter of wash liqour. preferably 0 05 10 ™ JL 

per liter of wash liqour. more preferably 0 1 « m « , 9 ^ Pr ° tein 

«nH m ^ < Preferably 0.1-5 mg of enzyme protein per liter of wash liaour 

and most preferably 0.1-1 mg of enzyme protein per liter of wash liqour 

Jriri 8 !"^' 0 " fe fUrth6r d6SCribed b * «- lowing examples which should not 



be construed as limiting the scope of the invention. 



EXAMPLES 



reagent grade. 



30 EXAMPLE 1 



Cta** used as buffers and substrates were commas, products of a, leas, 



35 



CtoniDg^ssion and activity evajyajjon nf ,n nntimicrob.,, ^ 
Cloning of synthetic g^™, o ncodino rati 

acflvay ' n jZ 1 avnZr ""^^ *" ^ ' D NO:3) ,or «**— 

vacTo^T; 1 9 08 WaS ^ (See betow > and into the expression 

-35- 
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Synthetic gene encoding Cat1 (SEQ ID NO-70V 

GGC CTG CTG CGC CGT CTG fro 

6 I. L R z rT ? *™™ 0 ™™™ ****** 
5 KKIG KKLK K 
ATT GGC CAG AAG ATT AAA err a™, ~, 

I G Q K _ AAA CCG ATT CGC ATT CTG GTG COG TAG 

KPI RILV P * 

4 

Primerl (SEQ ID N072)- 

10 ss: A ~ ~ ssr* ctctgotcm — — 

GAGATTATT ^CAGAAGATT AAACCGATTC GCATTCTGGT GCCGTAGCTC 

» 

Primer2 (SEQ ID NO:73)- 

15 SES ^™ ™ AATCTTCTGG c 

CTQAATAAT OU " CTTCT ^a**^ OCOCAataOO CCTTOCOCCG GATCCAGCAT 

- US ,o ^X^Tr^ 9nd ~ e ~ «— ' Ave., ena^ 

— icsi'^srr: :r — ■ - - 

Transfan™.^ ,„,. f-pm-jln ncf (^1 jg e . rf , 

mated saquencng USIng pfesmfd spec* prtma* (Prlmer3 ^ Pr|mer4): 
Primer3 (SEQ ID NO: 74): 

30 TGCTA GTTAT TGCTC AGCGG 

Primer4 (SEQ ID NO:75): 

ACCGT AGTTG CGCCC ATCG 
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Plasmid was transfonned In E eoli ri r n» ~ 
Bacteria we* ousted in LB m£t on T, 9 10 ""*'*■"■ ^gan). 
«a,ad by , mM IPTG flso^Lo ^2 , re00n,blnan ' ^ ~ S - 
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100 mM Nad. P H g) and lysed by orasa,,- « 
washed twice In buffer B (50 mM Tris HCMhn u c 7 ^ 

8,. M standatd prolocois ° « TritonX - 1 °°' 100 mM NaC '' 

1989). dMCribed elsewh e"> (Sambrook, Fritsch. and Maniafls, 

Bflfafionofr^i,^ rpff|nr||i liulliMJLi . 

The pellet resulting from the ebove rmrm^H™ . , 
terete me peptide from the KS, futlon T P " ri,ied ,n * sion To 

engineer Asp-Pro efie. N^^T ***** " " 

were responded ,n ,00 mM J^ZIZ^^^ """"^ 
agrees Ce*us. Kesufiing supernatant^* epfi* ^^rT"^ * " 
neutratad by adding 100 mM sodium phosphate ( oH, 2 T. ? MmPl9 ^ 

8,6 «** - with a g , utarayl endc^, se " °,T 1 ""^ * ^ 
PeP«de was confirmed by JL^T ' '7^ 8 ~>- ™° ~ 
chromatographic procedures. pearo ™*y and further p,,^,, ^ s(andar<J 

compc^s/weTlrbro^lTTl'I 7^"* *" * — ' -**««- 
Suscepfiblfity Teats for o I* °* (Melh0 * f °^»"«on Anfimicrobb, 

NCCLS document MT^^^T^ 6dra °"- 

(ATCC9341). Stophjtococcua ep/demfiws (DSMngT U~ 
Pseudbmonaa aerag/hosa (ATCC278531 « -T» Biferococcua faeca/is (DSM2570). 

-,^0538, ^ssssrsrr :r e,7) ' — 

and Profeus m^/ffs (ATCC7on^ Mi • U031) ' Salm onella choleraesuis (DSM9220) 

loafing fi,, fi^^J^ "~" ^ ~ ' — 

A pfimicroblalaHhfitvbvR^r^p ,-., . |( ^ 

- jstc Err: p :r r- 1 1 been appned ,n - — 

<°m*g units (CPU)) were added to 10 mi of undeL ^ *** °° 

agarose, 0.03% Tryptlcase aov bra* Z * 893,056 0% ,0W ^^loamosis 

Suspense was ^Z^L^ZZ " " *— 

Oe, Puncher was used to make Z T^Z^^^T" * 3 ™ 

-de, sampies were added to the holes and SCSS 

- 37 ■ 
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10 



overtay was poured on top and .he plate was incubated overnight (LB media 7 5* A . 
Antimicrobial activity was seen as taa/j»ri„i . ' 5% A 9 ar >- 

oounterstained by adding 1 7* 0 , """ ^ ^ «* — 

. ' al " 9 10 "* 0-2 mM MTT 134*. R.DI m .. h „i»,i„., - ... . . 



diphenyltetrazolium bromide Thiazolyl blue). 



Mfcmooew. fofeus (ATCC934H sJ 2 <ATCC6633) ' ^^occus h/rae (ATCC10541), 

lM iuo834l), Staphylococcus aureus (ATCC29737\ / 
tpftfermftfe (DSM1798). Ehferococcus faeca//s ©BM2™ p 1 StaPhy,OCOCCUS 
(ATCC27853). Bo rt ade„a 'renege* £^ 

K/eps/e//a pne.mon/ae (ATCC10031) Salmon^ J ' ' (ATCC10536 >. 

«*aMb (ATCC7002). (DSM9220) and Proteus 



15 EXAMPLE 2 

Evaluation nf antimij yobja. 



20 



25 



30 



35 



application WO 00/73433 r^th , a,sc '°sed ,n Example 1 of International patent 

and ampiciinn (100 uo/ml) an* . °' contalnln 9 <«% glycerol 

was monitored by measurina oLtTT 8< " DUS The Browth «™» 

Election CorpocaLTaHZa^ T 8 3 Bl0S0reen C Mterobtol *» ^er (Then™, 
pBAQfelll A B ^1 m """ 8S ** 14 h0Ure < 5ee P«"«oi of me 

The oeT, ra,a,09Ue "° S - V45M1 ,OT ■»*• « «* oomposition, 

control vectcand mu^ IZZZ^ZZ^ °* C ° ma,n,n9 " 

f 1 sample OP - blank nn >j 

v control vector OD - blank ODj * 100 

where "blank OD" corresponds to the OD of an empty well 

in TablesT ZZZ" * ^ *~ variants are Hsted 



Table 1. 

- 38 - 



Amino add sequence 



MGLLRRLRKK1GK K LKKIGQKIKPIRILA/P 
^^h^^^^j^^^KKlGQKi^iR^vp 

j^GLLRRLRRKIGGKU^FG^KIKPLR KL^ 

mgllkrlgrkigkkT^ qk.^.p.,, ,f 



MGRFKRWKKIGRKRq<^ 
^LLKRLRKKIGKKLKKIG PKH^ 

^^^^^^^^^^ 



Table 2. 



Amino acid sequence 



— ^^^^^^^*^^^-kkygTmikplrkl \^ 

MGLLKRFRGKIGKKLKKV^ OMi^aipmT^P 
j^g^gg t^lGKKLKKiGQLIKAIR/LV p" 

jjjgijK ^KIGKKLKKIGQKiKPIRKI^ 
MGLLRRFGRKIGK KFKKFGPKtk'Mt p K , v f 



Growth inhibition 
using 0.1% 

arabinose 



SEC 
10 
NO: 


I Growth inhibition 
I usina 0 01 % 

arabinose 


Growth inhibition 
using 0.1% 

arabinose 




(%) 


(%) 


[ 3 


J 63 


64 


| 4 


J 89 


100 


[ 5 


I 94 


100 


6 


J 92 


100 


7 


[ 93 


100 


8 


| 97 


[ 100 


9 


96 ~" | 


100 " 


10 | 


93 


_ ^oo 


n I 


92 


99 


12 [ 


94 ~~ | 


99 J 


13 I 


96 f 


'100 


14 J 


94 


100 


15 [ 


96 ( 


100 1 




96 T 


100 


17 


94 T 


100 
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MGRFRKFRKKIGGKLKKj g^^ 
MGRFRRFRKKtGKKFKKR ^^ 

MGRLRRFRKKIGKKLKKIGQMIKHIRILVP 

MGLVRRFRRKIGKKLKKIGQIIKAIRKLV P 

MGLLRRLRRKIGKKFKKIGQVIKHLRKLVP 

MGLFRRLRGKIGKKLKKIGQKIKAiRILV P 

MGLFRRLGKKIGKKLKKFGQVIKHIRILVP 

MGLLRRLGKKtGKKFKKFGQVIKALRILVP 

MGLFRRLGRKIGKKLKKIGQVtKHtRIL VP 

MGLLRRLRKKIEKKLKKYGPKIKALRKLVP 

MGRIKRVGEKIGKKLKKIGQVIKHLRILVP 
MGLFRRFGKKIGKKLKKlGQVIKAi pi. wp 



MGRLRRFGKKIGKKLKKFGQLIKALRILVP 

MGLLRRFWKKtGKKLKKFGQKIKPLPKLVP 
MGRFRRLGRKIGEKLKKFGQVIKAIRILVP 
MGLFRRFGKKIGKKLKKIGQKIKPIHK LVP 
MGLLKRLRKKIGKKLKKIGQMIKHIRILVP 
MGLLRRFREKIGKKLKKYGQKIKHLRKLVP 

MGLFRRLRRKIGKKFKKFGQKIKPLRKLVP 

MGLFRRFWKKIGRKLKKIGQKIKPLQILVP 

MGLLRRLWKKIGRKFKKYGQVIKHIRKLV P 

MGLLRRLGRKIGKKLKKIGQK1KAIRILV P 
MGLLRRFRNKlGKKLKKIGQKIKPiPki x/d 



MGRFKRLRKKIGKKFKKIGQKIKDIRK LVP 

MGLFRRIRRKIGKKFKKFGQVIKPLRKLV P 

MGRLRRLGKKIGEKLKKFGQMIKHIRtLVP 

MGLLRRLGKKIGKKFKKCGQVIKAIRIL VP 
MGLLRRFRKKIGEKFKKFGQKIKMIRH \/p 



MGLLRRLRKKIGKKLKKIGQKIKPIRKLV P 
MGLLRRFRKK IGKKLKKYGQKIKHI R|| x/ P 



3 | 27 


96 


1 28 


95 


3 | 29 


95 


1 30 


95 


1 31 


_ 96 1 


I 32 


j 97 1 


33 


J 91 


I 34 


92 


I 35 


[ 95 


| 36 


95 


I 37 


94 


I 38 


96 


I 39 


I ®^ 


I 40 


95 


I 41 


96 


[ 42 


95 


I 43 | 


76 | 


| 44 | 


93 


45 


79 


I 46 I 


96 


I 47 | 


79 


[ 48 [ 


97 


I 49 I 


96 


I 50 [ 


92 


51 

1 1 


97 


1 52 1 


95 


| 53 1 


84 


1 54 [ 


89 


J 55 ) 


79 


1 56 1 


94 


1 57 1 


95 



Table 3. 
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I Amino sffH com 






SEQ 
ID 

NO: 


Growth inhibition 
i using u.01% 
I arabinose 


Growth inhibition 
using 0.1% 
I arabinose 


MGLLRRLRKKIGKKLKKIGQKIKPIRILVP 
MGLLRRLRKKIGKKLKKIAR 

Imglfrrlkrkigrkfkkiar 




(%) 


(%) 


1 3 


| 65 


I 68 


J 59 


93 


| 100 


1 MGLLKRLGRKIGKKFKKIAR — 
MGLLRRFRKKIGKKLKKIAR 
MGLLRRLRKKIGKKLKKITR 1 


[ 60 


I 85 


99 I 


[ 61 


| 89 


98 

[ ^^^^ 1 


| 62 | 


94 


98 


63 I 


yo 


1 99 


MGLFRRLRKKIGKKLKKIAR 


64 1 


92 | 


99 1 


J MGLFRRLKRKIGKKLKK1AR 
MGLLKRLGRKIGKKLKKIAR ( 


65 1 
66 


91 "f 

92 f 


99 1 

100 1 


MGLLRRFRKKIGKKLKKITR " J 
ivhjllkrlRKKIGRKFKKIAR ) 


67 1 


90 


100 


68 1 


91 


100 I 


MGLFRRLRKKIGKKFKKtAR f 


69 1 


86 | 


99 



The results shown in Tabi^ 1 o o t ^ 
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CLAIMS 



1. A polypeptide having antimicrobial activity, comprisina the amino ^ 
in SEQ ,D NO:1 , or a fragment thereof of aUeast 19 1^127 ** ** 

5 G-X 1 -X 2 -X3-R-X 4 .Xs-X 6 .K. l .X 7 .X a -K X X K x v v " 9 an « microbla ' activity: 

wherein KJWC ^^^^ 

X, = L or R; y - i w , - 

v., v ' y 2-L.V.IorF; Xa^RorK; 

X4~L.V.IorF; X s = R, K, W or 6; X a = KRGMM c 

X 7 = G, R, K or E; v 5GR , wC * or • 

10 y -ur D - G, R, K or E; X 9 = LorF; 

10 X 10 sKorR; v. _ , . c « vr 

X-Or. o x «-I.L.F,CorY; X 12 = G ,AorT; 

X, 3 - Q, R, L or P; X 14 = K, I, M, L or V X -P a m m n 

y 1. 1 A « - P, A, H, N or D; 

Ate - I or L; S R H QorP' ' 

L Cr'" *" ^ ™ Mn9 UP * • - i"Cel nUy setected from D or 



2. A polypeptide having antimicrobial activity comnn«inn an - , 

differs by at the most two am ,„ na , uprising an amino acid sequence, which 

r v v I? aC ' dS from the amino acid sequence: 

G-X 1 .X 2 -X3.R.X 4 .X s .X 8 .K.|.X 7 -Xs-K-X 9 .X l o-K.X 11 .X 12 -2- 
wherein 

20 X t = LorR; v_ . w . _ 

v., e x 2-L,V,lorF; X3 = RorK; 

*«-L,v,lorF; X 5 = R, K, W or G; X^KRCmm c 

X7 = G.R,KorE; x. = G R k.p ' ' ° f * 

x-*„o *e - G, R, K or E; X9 = LorF; 

X 10 -KorR; X 1t = I, L, F, C or Y; Xl2 = G AorT . 

Z = RorX 1 3.X^-K-X l8 .X ie .X 1 .X ie .L-V-P; ' ^ 

25 wherefn 

Xi 3 = Q, LorP: y - ^ x KJt . 

X,? " R « H - Q or p : X 18 = lorK- 



30 



™ a ™r am,no - — — — * - - 

' wherein 

35 X 1 is L or R; y lc , ftf - 

* JGhinre X 2 isLorF; X 3 isRorK; 

A4 is L or F; y leD j/^^ 

Xjs ' X 5 »sR,KorG; XeisK,RorE; 

A 7 is G or K x~ te k" p «r e. 

Xa is K, R or E; Xa is L or F; 
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XnoisKorR; X„ is I or L; X l2 isAorT. 

4. The polypeptide of claim 2, comprising an amino acid sequence, which differs by at the 
most two amino acids from the amino acid sequence, as set forth in SEQ ID N0 2 

wherein 

X, = LorR: X 2 = L.V.IorF; X^RorK; 

X* = L. V, I or F; X 5 = R, W orG; Xe = K, R, G, M. N or E; 

X 7 = G,R,KorE; X 8 = G, R, K or E; X 9 = LorF- 

10 X, 0 = I.F.CorY; X„ = Q,LorP; X 12 = K, I, M, L or V; 

X 13 = P, A. H, N or D; X 14 = I or L; Xis = r, h, Q or P; 

X 16 = I or K. 

5. The polypeptide of daim 2. which comprises an amino acid sequence that has at the most 
15 two substitutions, deletions and/or insertions of an amino acid as compared to amino acids 1 

to29 of SEQ ID NO:1, amino acids 1 to 29 of SEQ ID NO:2 or amino acids 1 to 19 of SEQ ID 

6. The polypeptide of daim 2, which comprises amino acids 1 to 29 of SEQ ID NO-1 amino 
20 acids 1 to 29 of SEQ ID NO:2 or amino acids 1 to 1 9 of SEQ ID NO:58. 

7. The polypeptide of claim 2, which consists of amino acids 1 to 29 of SEQ ID NO-1 amino 
acids 1 to 29 of SEQ ID NO:2 or amino adds 1 to 19 of SEQ ID NO:58. 

25 8. A polynucleotide having a nucleotide sequence which encodes for the polypeptide defined 
in any of claims 1-7. 

9. A nucleic acid construct comprising the nucleotide sequence defined in claim 8 operably 
linked to one or more control sequences that direct the production of the polypeptide i 
30 suitable host. y H 



in a 



10. A recombinant expression vector comprising the nucleic acid construct defined 



In claim 9. 



35 



1 1 . A recombinant host cell comprising the nucleic acid construct defined in claim 9. 

12. A method for producing a polypeptide as defined in any of claims 1-7. the method 
comprising: 
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(b) recovering the polypeptide. 



a 13. A composition comprising an antimicrobia, poIypepMe „ s ^ ^ ^ ^ ^ ^ 
14. Tne compos,«on of Calm 13. further a „ ^ ^ 

10 ii^s^as :~r-=5.— - 



15 



use as a medicament. 



20 



use in the 



1 7. An antimicrobial polypeptide as defined in any of claims 1-7 for 

18. An antimicrobial polypeptide as defined in any of claims 1 7 for „« . 
veterinarian or human therapeutic or prophyi actjc agent " ant ' rnlCr0b, ' a, 

19. Use of an antimicrobial polypeptide as defined in any of claims 1 7 for 
preparation of a veterinarian or h,.r«o« «. for " oc "' u,e 

encoding a poiypeptlde hav,ng antimlcmbia! aolMty as defined in any of claims 1-7. 
30 22 Use o, a, teas, ona a,^ PoVpap.de as defined ,„ any of Cairns 1-7 tn 



animal 



23. Use of at least one antimicrobial polypeDtide as H^nna* »„ 

• P-^nofa^onforosa.nan Jfal "* " ^ " 

35 

24. An animal feed additive comprising 

(a) a. feast ona antimicrcbiai polypeptide as defined in any of ciaims 1-7; and 
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(b) at least one fat soluble vitamin, and/or 

(c) at least one water soluble vitamin, and/or 

(d) at least one trace mineral, and/or 

(e) at least one macro mineral. 

5 

25. The animal feed additive of claim 24, which further comprises phytase, xylanase, 
galactanase, and/or beta-glucanase. 

26. An animal feed composition having a crude protein content of 50 to 800 g/kg and 
10 comprising at least one antimicrobial polypeptide as defined in any of claims 1-7. 
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ABSTRACT 



nucleotide sequence which encodes for the noh/nonfM— -ru 
invention also relates to nucleic acid mn e » n ♦ . polypeptides. The 

- — as we,, as ~jssr^ssr s,n9 * e nudeic 
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SEQUENCE LISTING Patent- og 

<110> Novozymes A/3 VaremaBr fc$tyref$en 

<120> Antimicrobial Peptides * ' JUN ' 2003 

<i3o> 10328. ooo-dk Modtaget 

<160> 75 

<170> Patentln version 3.1 

<210> l 

<2ll> 29 

<212> prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<220> 

<221> MISC FEATUR E 
<22 2> (2).. ( 2 ) 

<223> xaa b leucine or arginine 
<220> 

<221> MISC FEATURE 
<222> (3) .7(3) 

<223> xaa = leucine, isoleucine va n 

oxeucine, valine or phenylalanine 

<220> 

<221> MISC PEATURE 
«222> (4) .7(4) 

<223> Xaa = arginine or lysine 
<220> 

<221> MISC PEATURE 
<222> (6) .7(6) 

x,a , leuclae , l501euci „ ei valJne ^ phenylilanine 

<220> 

<221> MISC PEATURE 
<222> (7) .7(7) 

<223> xaa = arginine, tryptophane or glycine 

<220> 

<221> MISC FEATURE 

<222> (8).. (a) 

<223> Jc^ 8 " 6 ' ^ycine, methionine, asparagine or gluten, 

<220> 

<221> MISC PEATURE 

<222> (11)7.(11) 

<223> xaa = glycine, lysine, arginine 



or glutamic acid 



<220> 

<221> MISC^PEATURE 

<222> (X2) . . (12) 

<223> xaa = l ysine# arginine, glycin 



e or glutamic acid 
- 1 - 



<220> 
<221> 
<222> 
<223> 



MISC__FEATURE 
(14) . . (14) 

Xaa « leucine or phenylalanine 



<220> 
<221> 
<222> 
<223> 



MISC FEATURE 
(15)7. (15) 

Xaa m lycine 



or arginine 



<220> 

<221> MIS COFEATURE 
<222> (17).. (17) 

<223> xaa = leucine, isoleucine, phenylalanine ™^o- 

, P»cuyxa±anine # cystexne or tyrosine 

<220> 

<22 1 > MIS C FEATURE 

<222> (i8) ; . (18) 

<223> xaa « glycine, alanine or threonine 
<220> 

<221> MISC FEATURE 

<222> (19)7.(19) 

Xaa « glutamine, arginine, leucine or proline 



<223> 



<220> 

<221> MISC_FEATURE 
<222> (20) . . (20) 

Xaa * iy sine/ leucine, isoleucine, methionine or valine 



<223> 



<220> 

< 2 2 1 > MI S COFEATURE 
<222> (23).. (23) 

<223> xaa - proline, alanine, histidine, asparagine 
<22.0> 

<221> MISC_FEATURE 
<222> (24) (24) 

<223> xaa = isoleucine or leucine 
<220> 

< 2 2 1 > MIS COFEATURE 
<222> (25).. (25) 

<223> xaa = arginine, histidine, glutamine 



or aspartic acid 



or proline 



<220> 

<221> MI SC — FEATURE 

<222> (26) . . (26) 

<223> Xaa = isoleucine or lysine 

<400> 1 



Oly Xaa Xaa xaa Ar g X aa Xaa Xaa Lys He Xaa Xaa Lys Xaa Xaa Lye 

10 15 



2 



Xaa Xaa Xaa Xaa il e Lvs x«* ~ 

2Q Lys Xaa Xaa Xaa xaa Leu Val Pro 



<210> 2 

<211> 29 

<212> PRT 

<213> Artificial 



<220> 
<223> 



Synthetic antimicrobial peptide 

<220> 

<221> MISC FEATURE 
<222> ( 2 ) ,7(2) 

Xaa = leucine or arginine 



<223> 



or valine 



<220> 

<221> MIS COFEATURE 

<222> (20) . . (20) 

<223> xaa o Iysine , leucine/ isoleuclne< methion . ne 
<220> 

<221> MISC FEATURE 

<222> (23)7. (23) 

3> Xaa - Proline, alanine, histidine, asparaain. 

' as P a «gine or aspartic acid 

<220> 

<221> MISC FEATURE 
<222> (24).. (24) 

Xaa = isoleucine or leucine 



<223> 



<220> 

<221> MISC FEATURE 

<222> (25)7. (25) 

<223> xaa - arginine, histidine, 3 lu tamine 

<220> 

<221> MISC FEATURE 

<222> (26)7. (26) 

Xaa * isoleucine or lysine 



or proline 



<223> 



<220> 

<221> MISC FEATURE 
<2 22> (3) .7(3) 

<220> 

<221> MISC FEATURE 

<222> ( 4 ) .7(4) 

<223> xaa » arginine or lysine 

<220> 

<221> MISC FEATURE 
<222> ( 6 ) .7 (6) 

Xaa = leuciM - *— van. or phenyaalanlne 



<220> 

<221> MISC_FEATURE 

<222> (7) . . (7) 

<223> xaa . arginine, tryptophane or glycine 

<220> 

<221> MISC FEATURE 

<222> (8).. (8) 

<223> xaa 



ic acid ySine ' ar9ini * e ' Slycine, methionine, asparagine or glutam 
<220> 

<221> MISC FEATURE 
<222> (11)7.(11) 

<223> xaa = g i yclne/ lysine, arginine or glutamic acid 
<220> 

< 2 2 1 > MI S COFEATURE 
<222> (12).. (12) 

<223> xaa o lysinei arginine/ glyc . ne or glutamic ac . d 
<220> 

<221> MIS COFEATURE 
<222> (14) 7. (14) 

<223> xaa = leucine or phenylalanine 
<220> 

<221> MISC_FEATURE 
<222> (17).. (17) 

<223> xaa - isoleucine, phenylalanine, cysteine 



or tyrosine 



<220> 

<22l> MISC FEATURE 
<222> (19)7. (19) 

Xaa . glutamine, leucine or proline 



<223> 



<400> 2 



Jly Xaa Xaa Xaa Arg Xaa Xaa Xaa Lye He Xaa Xaa Lys Xaa Lys Lys 

10 15 

Xaa Qly xaa Xaa lie Lys Xaa Xaa Xaa Xaa Leu Val Pro 

2 5 

<210> 3 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide (Catl) 

<400> 3 

Oly Leu Leu Arg Arg Leu Arg Lys Lys He Gly Lys Lys Leu Lys Lye 

10 15 



4 



a. oiy gi„ Jr „. ty . Pro n „ no ^ w ^ 

<210> 4 

<21X> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 4 

Gly Leu Leu Arg Arg Leu Arg Gly Lys n e olu , T 

1 5 3 y ys " e G1 y Lys Leu Lys Lys 

He Gly Gin Lye lle Lya Ala n# Arg Ly8 ^ ^ ^ 

25 

<210> 5 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 5 

«y Leu u. Ar 9 f9 Phe ^ lya ly , oly giy ^ 

10 15 
Tyr Gly Gin lie lie Lys His Leu Arg He Leu Val Pro 

25 

<210> 6 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 6 

Oly Leu Leu te9 j, g to Arg ^ ty . ^ ^ ^ ^ 

^e Gly Gin Lys He Lys Pro Leu Arg Lys Leu Val Pro 

25 



<210> 7 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 7 



Gly Leu Leu Arg Arg Leu Arg Lys Lys iio «i t 

1 5 y y uya Ile G1 y Lys Lys Leu Lys Lys 

10 15 

«« Oly G1 „ t „ Ile ly „ His 1Je ^ ^ ^ 

<210> 8 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 8 

Gly Leu Leu Lys Arg Leu Glv Ara ivo 

1 s a u oxy Arg Lys He Gly Lys Lys Leu Lys Lys 

10 15 

Phe Gly Gln jys He Lys Ala He Arg Lys Leu Val Pro 

25 

<210> 9 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 9 

«v *, P „e Ly6 fg Phe Trp Lys Lye 0ly ^ pfce ^ ^ 

15 

Ile Gly Gin Met Leu Lys Pro He ar« , 

20 ^ g Ile Leu Pro 

<210> io 
<211> 29 
<212> prx 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> io 

Oly ,e„ U. Lys Ar g Le u ^ Ly „ Ly . gly ^ ^ 

10 15 
He Gly p ro Lys He Lys His He Arg Lys Leu Val Pro 

25 

<210> 11 

<211> 29 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 

<400> 11 

Gly Leu «u Arc, Arg Phe Trp „et Wa „. 01y 01y Lys ^ ly> 

10 15 

Phe Gly Gin Met He Lys His Leu Arg Lys Leu Val Pro 

25 

<210> 12 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 12 

Gly Arg Leu Arg Arg Leu Arg Arg Lys H e G ly Glu Lys Leu Lys Lya 

10 15 

Phe Gly G m val He Lys Ala Leu Arg He Leu Val Pro 

25 

<210> 13 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 13 

? iy i« l.„ te9 f9 Leu Ttp ^ Lys 01y Ars Lys 

10 15 

Tyr Gly Gin Lys lie Lys Ala Leu Arg Lys Leu Val Pro 

25 

<210> 14 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 14 

Oly Arg Phe Arg Arg Phe Arg Lys Lys He Gly Lys Lys Leu Lys Lys 

10 15 

He Gly Leu Val He Lys His He Arg He Leu Val Pro 

* u 25 



- 7 - 



i 



<210> 15 

<2ll> 29 

<212> prt 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 15 

Gly Leu Leu Arg Arg Leu Arg Arg Lys lie Glv Lv « r t 
1 5 a y 7 Q1 y L ys Lys Leu Lye Lye 

0 15 

^ 81 ° JJ* "« "« «• »« Ar 9 n. leu val Pto 



<210> 16 

<211> 29 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 

<400> 16 

«y u. ,eu „ j, , ^ sr9 _ Ly . ^ ^ ^ ^ 



10 IS 



«>e Qly 81a Ly. Ile Ly . „. Ila ^ ne ^ v ^ we 

25 

<210> 17 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 17 

«y **, teu Arg ^ Leu Tlp Arg Lys My ^ wu ^ ^ 

io 15 
Tyr Gly Gl„ jj, ne Lyo „ is Leu ^ ^ ^ 

25 

<210> 18 
<211> 29 
<212> PRT 

<213> Artificial 
<220> 

<223> Synthetic antimicrobial peptide 

<400> 18 

«y L.„ , he z.ys Ar 3 Wu teg Lys lys My ^ ^ ^ 

io 15 

- 8 - 



Phe Gly Gin Lys lie Lys Pro Leu A™ r 

20 U *»Y» Leu Val Pro 

25 

<210> 19 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 19 

0» Leu L e„ ^ ^ phe aly ^ Lys ^ ^ ^ 

10 15 

Phe Gly „ ro g. lle Lys Hi> mu ^ ^ w 



25 



<210> 20 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 20 



<31y Leu Phe Arg Arg Phe Aro Am t„«, ti 

! s 9 ne Arg Arg Lys n e Gly Lys Lys Leu Lys Lys 



10 IS 



^ Gly Gin Lys lie Lys Pro Leu Arg Lys Leu Val Pro 

2 5 

<210> 21 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223* Synthetic antimicrobial peptide 
<400> 21 

Gly Leu Leu Arg Arg Phe Arg Aro Lvs n. n * 

1 s ^ r9 Lys ?J e Gl y Arg Lys Leu Lys Lys 

0 IS 

IVr Oly Leu «« He x, y . Pro L eu *r 3 x. ya Leu v.1 Pro 

25 

<210> 22 

<211> 29 

<212> prx 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial 



peptide 

- 9 - 



<400> 22 



Gly Leu Leu Lys Arg Phe Arg G ly Lys Ile Gly Lys Lyfl Leu Lys Lys 

10 15 

Tyr Gly Gin Leu lie Lys Ala I le Arg He Leu Val Pro 

20 25 

<210> 23 
<2ll> 29 
<212> PRT 
<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 23 

Oly Leu Phe Arg Arg Leu Arg Lys Lys lie Gly Lys Lys Leu Lys Lys 

10 15 

He Gly Gin Leu He Lys Ala He Arg lie Leu Val Pro 

20 25 

<210> 24 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide . 

<400> 24 

Gly Leu Leu Arg Arg Phe Gly Lys Lys lie Gly Lys Lys Phe Lys Lys 

10 15 

Tyr Gly Gin Lys n e Lys Asn beu ^ Ile Leu Val ^ 

20 25 

<210> 25 
<211> 29 
<212> PRT 

<213> Artificial 
<220> 

<223> Synthetic antimicrobial peptide 

<400> 25 

Gly Leu Leu Lys Arg Leu Arg Lys Lys lie Gly Lys Lys Leu Lys Lys 

15 

He Gly Gin Lys lie Lys Pro He Arg Lys Leu Val Pro 



20 25 



<210> 26 
<211> 29 



10 



<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 26 

Gly *« Leu Arg Ar 5 P h e 0ly Arg lys „. Qly Ly , „ ys ph . ^ 

10 15 

Phe oi y Pro Lys He Lys His Leu Arg Lys Leu Val pro 

25 

<210> 27 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 27 

«y Arg Le u _ ^ te „ ^ ^ Lya ^ ^ L ^ ^ 

10 15 

T/r Gly Gin Lys H e Lys Ala Ile ^ Lys ^ ^ ^ 

25 

<210> 28 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 28 

oiy Arg P he ^ f3 Phe Mg lys Lys sly oiy ^ ^ ^ ^ 

10 15 

He Gly Gin Val lie Lys Asp n e Arg lie Leu Val Pro 

* u 25 

<210> 29 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 29 

JlV Arg P„e Arg Arg P he Arg Uys „„ ;1 . sly Lya ly „ Lya 

10 15 

Phe Gly Gin Met He L ys Ala Leu Arg lie Leu Val Pro 

- 11 - 



20 



25 



<210> 30 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 30 

Gly Arg Leu Arg Arg Phe Arg Lys Lys lie Gly Lys Lys Leu Lys Lys 

10 15 

He Gly Gin Met lie Lys His He Arg He Leu Val Pro 

* u 25 

<210> 31 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 31 

Gly Leu val Arg Arg Phe A rg Arg Lys He Gly Lys Lys Leu Lys Lys 

10 15 

He Gly Gin lie n e Ly8 Ma lle ^ hyg ^ 

430 25 

<210> 32 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 32 

Jly Leu Leu Arg Arg Leu Arg Arg Lys He Gly Lys Lys Phe Lys Lys 

10 15 

He Gly Gin Val He Lys His Leu Arg Lys Leu Val Pro 

2 5 

<210> 33 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 33 



- 12 - 



My I-eu Phe Arg Arg L eu Arg Gly Lye He Glv r r 
1 5 y ys x * e G1 y L ys Lys Leu Lys Lys 



10 15 



He Gly Gin Lys He Lys Ala He Ar» n r 

2o -tie Arg H e Leu Val Pro 

25 

<210> 34 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 34 

Gly Leu Phe Arg Arg Leu Gly Lyg Lys lie Glv r„o r 
1 5 Y Y YG *f e G1 y h Y Q ^ys Leu Lys Lys 

i0 15 

Phe Gly Gin Val He Lys His He n r 

2o ys na.s xie Arg H e Leu Val Pro 

25 

<210> 35 

<211> 29 

<212> Prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 35 

Oly Leu Leu te3 ^ ^ oly Ly , Lys 01y Lys ^ ^ 



10 15 



»» oly ol„ val He I*. Ala Leu Ar 3 He Leu v,l Pro 

25 



<210> 36 

<211> 29 

<212> prx 

«213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 36 

Olx Leu Pee te9 ^ ^ 81y ^ , y . ^ ^ ^ ^ ^ 

10 15 

He Gly Gin Val li e Lys H ls lie Arg He Leu Val Pro 

2 5 

<210> 37 
. <211> 29 
<212> PRT 

<213> Artificial 



- 13 



<22Q> 

<223> Synthetic antimicrobial peptide 

<400> 37 

Gly Leu Leu Arg Arg Leu Arg Ly S Lys n e Glll T 

1 5 Y y r^ e Glu fcys Leu Lys Lys 

10 15 

Tyr Gly Pro Lys He Lys Ala Leu Arg Lys Leu Val Pro 



20 25 



<210> 38 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 38 



«>• ^ ru ly . r , val 01y 01u lys my ^ ^ ^ 

10 15 

He Gly cm Val He Lye His Leu Arg He Leu Val Pro 

25 

<210> 39 

<2ll> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 39 

«y l. Phe teg «, Phe aly ly „ ly , sly Lys Lys ^ ^ 

0 15 

He Gly cm val lie Lys Ala Leu Arg He Leu Val Pro 

25 

<210> 40 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 40 

ff «r S I- „, Ar 3 Phe oly lys Lyo „ y Ly> ^ ^ 

10 15 
Phe Gly Gin Leu He Lys Ala Leu Arg H e L e U Val Pro 

25 



14 



<210> 41 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 41 

«Hr «u Leu tog ^ phe Ttp Lys Lys Qiy Ly> ^ ^ ^ 

io 15 

Phe Gly cm Lys lie Lys Pro Leu Pro Lys Leu ^ ^ 

25 

<210> 42 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 42 

Oly Ar 9 P„e ^ ^ „ 01y ^ L „ Gly ^ s ^ ^ 

io 15 

Phe Gly Gl„ val He Lys Ma Ile Arg m ^ ^ ^ 

25 

<210> 43 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 43 

Gly Leu Phe Arg Arg Phe Gly Lys Lys He Glv Tv » r T 
1 5 y fr 3 L ys Leu Lys Lys 

10 15 

He Gly Gin Lys lie Lys Pro He His Lys Leu Val Pro 

^ U 25 

<210> 44 
<211> 29 
<212> PRT 

<213> Artificial 
<220> 

<223> Synthetic antimicrobial peptide 

<400> 44 

Gly Leu Leu Lys Arg Leu Arg Lys Lys n e G i v Txies T , 

1 5 y ys * xe G1 y L Y B Lys Leu Lys Lys 

10 15 



- 15 



He Gly Gin Met il e Lys His He a™ t1 

20 Ar 9 xl e l«eu Val Pro 

25 



<210> 45 

<2ll> 29 

<212> ppx 

<213> Artificial 

<220> 

<223> synthetic antimicrobial 

<400> 45 



Gly Leu Leu Arg Arg Phe Arg Glu Lys n e « lv T 

1 5 Uy8 H e G1 y *>Y* Lya Leu Lys Lyg 



10 

15 



Tyr Oly 01 B jj. Ile L „ 81 „ ^ ^ iy> ^ 

25 

<210> 46 

<211> 29 

<212> Prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 46 

?y - ». „ f . leu arg „ ly , ojy Lya ^ ^ ^ 

15 

Phe Gly Gin Lys He Lve p>-« r 

lie Lys Pro Leu Arg Lys Leu Val Pro 



<210> 47 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 47 

«r ,„e te3 , rg Ph . ^ lys ^ ^ lw ^ ^ 

15 

"* ° ly ° ln S" " e LyS *» *- «» »« *- Val Pro 

<210> 48 

<211> 29 

<212> PRT 

<213> Artificial 

*220> 

<223> Synthetic antimicrobial peptide 



- 16 - 



<400> 48 



«y - tau f9 leu Trp lys lys Giy ^ ^ ^ 



10 15 



Tyr Gly Gin Val H e Lvs Hi-? tin n 

2q e i,ys Has lie Arg Lye Leu Val Pro 

25 

<210> 49 

<211> 29 

<212> prx 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 49 

«r Le» „ u tog f , leu Gly ^ lys oiy ^ ^ ^ 

15 

«y «. g. Ile ty . Ala n , ^ „ e ^ 



25 

<210> 50 

<211> 29 

<212> prt 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 50 

?y tou te3 ^ Phe arg Ly . oiy iy< ^ ^ 

15 

Ile Gly Gin Lys He Lys Pro H e Aro T . T 

20 e to 9 Le u Val Pro 

25 

<210> 51 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 51 

Gly Arg Phe Lys Arg Leu Arg Lys Lys n e fl5v r T 
1 5 a yB UyB " e G1 y Lys Lys Phe Lys Lys 

15 

01n %° Ile **> «. »r 9 lys Leu „ Pto 



25 



<210> 52 
<211> 29 
<212> PRT 



- 17 



<213* Artificial 
<220> 

<223> Synthetic antimicrobial peptide 
<400> 52 

«V Leu Phe ^ Ile «, arg L „ ne oly ^ ^ ^ ^ 

10 15 

Phe Gly Gln vax ne Lys Pro Leu ^ Lys Leu ^ pro 

25 

<210> 53 
<211> 29 
<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 53 

«y ^9 Leu Ar 3 fg Leu Gly Lys lyB flly ^ ^ l ^ 

i0 15 

Phe Gly Gin Met Ile Lys Hia ^ ^ ^ ^ ^ 

25 

<210> 54 
<211> 29 
<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 54 

Gly Leu Leu Arg Arg Leu Gly Lys L yfi n e Glv r «u 
1 5 1 ya G1 Y L ya Lys Phe Lys Lys 

10 15 

Cys Gly Gin Val He Lys Ala lie Arg He Leu Val Pro 

<210> 55 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 55 

fY Leu Leu ^ phe ta3 Lys Lys My Mu Lyo ^ 

10 15 

Phe Gly Gin Lys lie Lys Asn He Arg He Leu Val Pro 



20 25 



- 16 - 



<210> 56 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> SS 

Gly Leu Leu Arg Arg Le U A rg Lys Lys He Glv t vo r t 

1 5 3 y ys Xle Gi V Lye Lys Leu Lys Lys 

10 15 

He Gly Gin Lys lie Lys Pro Ile Arg Lye ^ ^ ^ 

25 

<210> 57 

<211> 29 

<2X2> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial 
<400> 57 

Gly Leu Leu Arc, Arg Phe ^ Lys Lys ^ ^ ^ ^ ^ 

10 15 

Tyr Gly Gin Lys xie Lys His Leu Arg He Leu Val Pro 

25 

<210> 58 
<211> 19 
<212> PRT 
<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 

<220> 

<221> MISC FEATURE 

<222> (2) .7(2) 

<223> xaa leucine or arginine 

<220> 

<221> MISC_FEATURE 

<222> (3).. (3) 

<223> xaa = leucine or phenylalanine 
<220> 

<22l> MISC FEATURE 

<222> (4) . . (4) 

<223> xaa o arginine or lysine 
<220> 

<221> MISC FEATURE 

<222> (6) .7(6) 



19 



<223> xaa = leucine or phenylalanine 

<220> 

<221> MISC FEATURE 

<222> (7) .7(7) 

<223> xaa = arginine, lysine or glycine 

<220> 

<221> M I S C_ FEATURE 

<222> (8) . . (8) 

Xaa * arginine, lysine or glutamic acid 



<223> 



<220> 

<2 2 1 > MI S COFEATURE 

<222> (11).. (ii) 

<223> xaa o glycine or lysine 
<220> 

<2 2 1 > MISC_FEATURE 

<222> (12) . . (12) 

Xaa s lysine, arginine or glutamic acid 



<223> 



<220> 

<221> MISC FEATURE 

<222> (14)7. (14) 

<223> xaa = leucine or phenylalanine 
<220> 

<221> MISC FEATURE 

<222> (18)7. (18) 

<223> xaa o alanine or threonine 

<220> 

<221> MISC FEATURE 

<222> (15) : . (is) 

<223> xaa = lysine or arginine 

<220> 

<221> MIS COFEATURE 

<222> (17)7. (17) 

<223> Xaa = isoleucine or leucine 

<400> 58 

«y Xaa xaa Xaa Arg xaa Xaa Xaa Lye lie Xaa Xaa Lys 

3 10 

Xaa Xaa Arg 



<210> 59 

<211> 19 

<212> PRT 

<213> Artificial 



<220> 



<223> Synthetic antimicrobial peptide 
<400> 59 

Qly Leu Leu Arg Arg Leu Arg Lys Lye H e Glv T T 

5 ye Ile G1 y L y s Lys Leu Lys Lys 



10 15 



He Ala Arg 



<210> 60 

<211> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 60 

Qly Leu Phe Arg Arg Leu Lys Arg Lys i le ni v a™, r 
1 5 3 y " e G1 y Ar 9 Lys Phe Lys Lys 



10 



He Ala Arg 



<210> 6i 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<222> synthetic antimicrobial peptide 

<400> 61 

Gly Leu Leu Lys Arg Leu Gly Arg Lvs Ile «i v t, r 
1 5 9 y " e G1 y L y s L ys Phe Lys Lys 



10 IS 



He Ala Arg 



<210> 62 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 62 



? y «u , e „ ^ r , Phe ^ Lys tys My Lya ^ ^ ^ ^ 

15 

He Ala Arg 



<210> 63 



21 - 



<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 63 

Gly Leu Leu Arg Arg Leu Arg Lys Lys He Gly Lys Lys Leu Lys Lys 

a 10 15 

He Thr Arg 



<210> 64 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<40G> 64 

Gly Leu Phe Arg Arg Leu Arg Lys Lys He Gly Lys Lys Leu Lys Lys 



5 10 X 5 



He Ala Arg 



<210> 65 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 65 

Gly Leu Phe Arg Arg Leu Lys Arg Lys He Gly Lys Lys Leu Lys Lys 

10 15 

He Ala Arg 



<210> 66 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 66 

. Gly Leu Leu Lys Arg Leu Gly Arg Lys He Gly Lys Lys Leu Lys Lys 

5 10 15 



22 



lie Ala Arg 



<210> 67 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 67 

Gly Leu Leu Arg Arg Phe Arg Lys Lys lie Gly Lys Lys Leu Lys Lye 
1 5 10 15 

lie Thr Arg 



<210> 68 

<211> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 68 

Gly Leu Leu Arg Arg Leu Arg Lys Lys He Gly Arg Lys Phe Lys Lys 

5 10 15 

He Ala Arg 



<2io> 69 

<2ll> 19 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 69 

Gly Leu Phe Arg Arg Leu Arg Lys Lys lie Gly Lys Lys Phe Lys Lys 

5 10 15 

He Ala Arg 



<210> 70 

<2ll> 90 

. <212> DNA 

<213> Artificial 

<220> 

<223> Synthetic Catl gene 
<220> 

- 23 - 



<221> CDS 
<222> (1)..(90) 
<223> 



<400> 70 

ggc ctg ctg cgc cgt ctg cgc aag aag att ggc aaa aag ctg aag aaa 
Gly Leu Leu Arg Arg Leu Arg Lys Lys He Gly Lys Lys Leu Lys Lys 
1 5 10 15 



48 



att ggc cag aag att aaa 
He Gly Gin Lys He Lys 

20 



att cgc att ctg gtg ccg tag 
He Arg He Leu Val Pro 
25 



90 



<210> 71 

<211> 29 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic Catl gene 

<400> 71 

Gly Leu Leu Arg Arg Leu Arg Lys Lys He Gly Lys Lys Leu Lys Lys 
1 5 10 " 15 



He Gly Gin Lys He Lys Pro He Arg He Leu Val Pro 

20 25 



<210> 72 
<211> 129 
<212> DNA 

<213> Artificial 

<220> 

<223> Primer 1 sequence 
<400> 72 

attattcaga tgctggatcc ggcggaaggc ctgctgcgcc gtctgcgcaa gaagattggc 60 

aaaaagctga agaaaattgg ccagaagatt aaaccgattc gcattctggt gccgtagctc 120 

gagattatt ir)Q 



<210> 73 

<211> 129 
<212> DNA 
<213> Artificial 

<220> 

<223> Primer 2 sequence 
<400> 73 

aataatctcg agctacggca ccagaatgcg aatcggttta atcttctggc caattttctt 60 

cagctttttg ccaatcttct tgcgcagacg gcgcagcagg ccttccgccg gatccagcat 120 

ctgaataat - OQ 



<210> 74 
<211> 20 
<212> DNA 



24 



<213> Artificial 



<220> 

<223> Primer 3 sequence 
<400> 74 

tgctagttat tgctcagcgg 



<210> 75 

<211> 19 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 4 sequence 

<400> 75 

accgtagttg cgcccatcg 
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